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Wirt Five Ficures IN THE TEXT 
INTRODUCTION 


For several years, especial attention has been given at the North Caro- 
lina Agricultural Experiment Station to the diseases of soybean, Soja max 
(L.) Piper. The most important diseases of this crop within the State 
have been found to be Fusarium blight or wilt, caused by Fusarium 
tracheiphilum E. F. 8., and bacterial blight. Careful investigation of the 
former of these diseases has been made by Cromwell (2), whereas all exist- 
ing published accounts of the latter have been found to consist of frag- 
mentary notes. 

The present studies on bacterial blight have been directed mainly toward 
the isolation of the causal organism, its identification, and the procure- 
ment of evidence of its pathogenicity. In addition, certain field observa- 
tions and laboratory studies have been made during the past three sea- 
sons which further contribute to our knowledge of this disease and are 
consequently recorded in the present report. 


HISTORICAL ACCOUNT 


The first mention of the occurrence of bacterial blight of soybeans 
appears to have been made by Heald (3, 4) in 1905. His account consists 
of a brief description of the appearance of the disease, with the suggestion 
that it is of bacterial origin. Subsequently, Smith (7) and Clinton (1) 
report the occurrence of a bacterial leafspot of soybean, and the latter 
author states that the disease in Connecticut is like the one described by 
Heald (3, 4) in Nebraska. Apparently, the only critical investigation 
of bacterial blight which has been made was conducted in Wisconsin by 
Johnson and Coerper (5). They isolated a white bacterial organism refer- 
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able to the genus Pseudomonas, which they proved to be pathogenic. 
However, the detailed report of these isolation- and inoculation studies 
and description of this organism appears never to have been made.! 

A brief report of the present author’s work in manuscript form, in which 
the causal organism is designated Bactertum sojae n. sp., was prepared 
by Tisdale (8). The manuscript on bacterial blight, dealing with the 
investigations conducted during 1917 and 1918, has been supplemented 
and modified by studies made during the past season and is presented 
herewith. 


APPEARANCE OF THE DISEASE 


Bacterial blight of the soybean has been observed upon plants varying 
in age from seedlings to mature plants. It may appear upon the cotyle- 
dons or upon the true leaves in any stage of their development. Appar- 
ently stems and fruits are free from invasion by the parasite. The disease 
is, furthermore, widely distributed throughout the State, since it has 
been noted in practically every soybean field which has come under 
observation. . 

The first evidence of the disease which has been noticed is the presence 
of lesions on the cotyledons just as they are emerging from the ground. 
The lesions present at this time are usually marginal and are in the begin- 
ning little different in color from the normal tissues. They rather rapidly 
become brown, however, and meanwhile the tissues have shrunken and 
collapsed and the area of invasion may have enlarged, extending back- 
ward toward the hypocotyl. In extreme cases both cotyledons are de- 


{Since this manuscript was submitted for publication, a report of investigations 
on “Bacterial Blight of Soybean’’ (Coerper, Florence, M. Jour. Agr. Res. v. 18, No. 
1, p. 179-194, pls. 12-18, one colored plate and one text figure, 1919), in Wisconsin, 


has appeared. This disease apparently differs in several respects from the one 
oceurring in North Carolina in which, (1) the diseased areas are typically not so dark 
and usually remain intact; (2) the dried exudate is grayish and not brownish; (3) 


leaf parenchyma and cotyledons only are involved, since careful search during three 
seasons has failed to reveal lesions on petioles, stems, legumes, or seeds. The seed 
are believed to become contaminated by the washing of the parasite from the leaves 
only after the dehiscence of the legumes, and apparently normal seed, when planted, 
give rise to seedlings whose cotyledons are affected; (4) colonies of Bacterium sojae 
are smaller than Bacteriwm glycineum and the former organism is furthermore smaller 
than the latter. Nostrains of B. sojae with umbonate center, with wrinkled or con- 
voluted surface, or which produce brown pigment, grow in the closed arm of fermen- 
tation tubes, or produce acid from the several sugars, have been isolated. At least 
a dozen strains have been isolated by the writer and three of them have been used, 
with concordant results, in the cultural studies 

The name Southern bacterial blight of soybean is therefore tentatively applied 


to the disease under consideration. 
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stroyed and the hypocotyl! is involved, thus causing the death of the seed- 
ling. Species of bacteria other than the parasite are always present in 
mature lesions on the cotyledons. In some instances one cotyledon only 
is involved in decay. Lesions which are marginal in origin are commonly 
irregular in outline, whereas those present on the outer surface of the 
cotyledons are commonly circular (fig. 3). 

rom the cotyledons the infection is spread to the first pair of true 
leaves and thence to other leaves. The occurrence of characteristic spots 
(fig. 4) which have manifestly arisen from infection from the cotyledons 
has often been noted on plants grown either in the field or in the green- 
house. These spots are first evident as small, water-soaked areas. The 
invaded tissues change in color to yellow, then to brown, becoming at 
maturity a very dark shade of brown or even purplish black. There is a 
retention of the translucent character, and individual lesions remain small 
and angular. The presence of a large number of lesions in close proximity 
may result in their confluence. Large, irregular dead areas may thus be 
formed, which may fall away, leaving perforations or notches. An in- 
definitely limited zone of yellowish tissue surrounds each lesion and may 
involve all of the intervening tissue (fig. 5). At this stage, dependent upon 
the severity of the infection, more or less defoliation results. 

One of the distinctive features of the disease is the occurrence of a bac- 
terial exudate on the lower leaf surface of the lesion. Under humid con- 
ditions, or if the leaves have been wet with rain or dew, turbid white 
droplets collect on the lesions. Otherwise, this exudate may appear as a 
hard, glistening film, which quickly redissolves when moisture is supplied, 


THE ORGANISM 


Isolation 


A large number of isolations have been made from freshly invaded 
areas and mature lesions on leaves, from the exudate, from leaves which 
had overwintered in the field, and from lesions on cotyledons. Little 
difficulty was encountered in isolating the specifie organism from any of 
these sources, especially after acquaintance with its appearance in cul- 
ture. The organism was obtained often with an admixture of other species, 
but with the pathogenic form predominating, by one of the following 
methods: 

1. The invaded areas, whose surface had been washed and disinfected 
in 95 per cent alcohol or 1:1000 mercuric bichlorid, were cut into pieces 
and laid, with aseptie precautions, upon the surface of nutrient agar 
plates. Abundant bacterial growth spread from the edges of these pieces 


of tissue. In a few cases the parasite could be transferred in pure culture 
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directly from these planted plates but most commonly the resultant 
growth was a mixture of species which were then separated by dilution 
cultures. 

2. Small pieces cut from the lesions both directly and after surface 
disinfection were immersed in bouillon and after the bacteria had migrated 
from the tissues and diffused throughout the bouillon, poured plates were 
made. When proper dilutions were made isolated colonies of the para- 
sitic form could thus be obtained in these poured plates. 

3. A copious whitish exudate appeared on the lower leaf surface of 
areas Which had been washed and disinfected. Some of this exudate was 
transferred by means of a sterile needle to tubes of sterile water, making 
a bacterial suspension from which successful platings could readily be 
obtained. 

1. A lesion, with no previous attempt at surface disinfection, was thor- 
oughly macerated in a drop of sterile water on a microscopic slide. A 
platinum loopful of this macerated material was transferred to one edge 
of a hardened agar plate and spread with the loop over the surface of the 
agar. Colonies of the causal organism, well isolated from other species, 
developed on these plates and were transferred directly to slant agar 
tubes. This is essentially the same method of isolation as is used in 1so- 
lating B. typhosus. It is superior in the writer’s hands to the other methods 
employed since it has yielded uniformly successful results. 


Morphology 


Vegetative cells. The primary cause of soybean bacterial blight is a 
white, rod-shaped organism with rounded ends. When taken from lesions 
it is found to occur singly or in pairs. In nutrient broth, however, it may 
form short chains of four or five elements. The individual rods measure 
1.2 to 2.6 by 0.8 to 0.9 u. 

Endospores. Endospores appear not to be formed, even in old agar 
cultures which were stained with Zeihl-Neelson carbol fuchsin. 

Flagella. When the organism from lesions, from beef broth, and from 
agar is examined for motility, it is seen to possess the power of rather 
active locomotion. This movement is made possible by the presence of 
polar flagella, 3 to 5 win length, as has been demonstrated in four strains 
of the organism. Use has been made of Morrey’s (6) modification of 
Loeffler’s method on 18 to 24-hour agar cultures. Usually there is a single 
flagellum, although individuals with two, three, or four flagella have been 
observed (fig. LD). 

Capsules. A well-defined capsule is readily demonstrable by Welch’s 
method (fig. le), whether the parasite is taken directly from invaded 


tissues or from culture on solid media. 
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Zoogloeae. ZLoogloeae have not been seen in cultures on bouillon or 
milk. A thin pellicle appears at the surface of liquid media, but it never 
becomes zoogloeae-like, 

Involution forms. No involution forms have been observed. 

Staining reactions. The organism stains readily with carbol fuchsin 
(fig. la), methylene blue, and gentian violet, in both aqueous and alco- 
holic solutions. It is not acid-fast nor retentive of Gram’s stain. 

Cultural characters. In the cultural studies use has been made mostly 
of peptone-beef agar and bouillon to which either dextrose, lactose, sac- 
charose, or glycerin had been added. The reaction, as indicated by phenol- 
phthalein, following boiling of the solution tested, was neutral. The sev- 
eral carbon compounds were made up as 20 per cent solutions, sterilized, 
and only added with aseptic precautions to cooled agar or bouillon in the 





proportion of 3c¢e. to 95 ce. of media. 











It was thought by this means to pre- 

vent the conversion of the complex : 

carbohydrates through heating. (| od ; 
Nutrient agar. In agar poured plates ae , “ 

incubated at 20 to 25°C. the colonies i} . “a 

may appear within twenty-four hours ~~ @& b 

or be first visible in forty-eight hours. _— 

At the end of four to five days the a @ @ E- 

colonies are 2 to 3 mm. in diameter, § 407 

circular, smooth, glistening, and pos- | . | 

sess an entire margin. They are Fie. 1. a, Bact. sojae stained with 


white, raised, and soft, but not viscid carbol fuchsin; b, drawn from a prep- 
in consistency (fig. 2). Buried colonies ®ration stained with Morrey’s modi- 
are lenticular. fication of Loeffler’s method; c, the 

On agar slants there is an abundant 
filiform growth in forty-eight hours, 
which widens at the base of the slant. The streak is opaque, raised, and 


capsulate condition of Bact. sojae 
shown with Welch’s method. 


glistening, with a smooth or slightly contoured topography. No odor is 
produced and there seems to be no change in the color of the medium 
beneath the bacterial growth. 

In stab cultures growth occurs only at the surface. After a month’s 
time the surface growth had covered the greater portion of the tube. 

Gelatin stab. The character of growth on gelatin stabs at 18°C. is 
confined to the surface. Within a month the surface will have been cov- 
ered, but there is no evidence of liquefaction. 

Potato plugs. Abundant growth occurs on potato cylinders, more 
spreading and flat than on agar, and grayish-white in color. The lower 


portion of the streak near the surface of the water is more glistening and 
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more spreading than the upper part. No pronounced odor is developed 
and the substratum is not discolored. No ehange in medium is shown 
with iodine at the end of four weeks. A slight diastatiec action in starch 
agar plates is evident, however, within two weeks. 

Bouillon. Peptonized beef-extract bouillon becomes slightly clouded 
within forty-eight hours and there is little or no increase in cloudiness 
subsequently. A delicate pellicle is formed at the surface. No sediment 


is formed and no perceptible odor develops. 





Kia. 2. Pourep PLATE oF Bact. SOJAE ON NUTRIENT AGAR 
he glistening surface with its lighter spots shows the reflection of windows 
Litmus milk. Vhe litmus milk was made violaceous in color and sub- 
jected to sterilization in an Arnold sterilizer four times at intervals of 


twelve hours. A week after inoculation, the blue color is intensified and 
approximates cacruleus. After two weeks a white precipitate is apparent, 
which increases as growth proceeds. Within a month, the color becomes 


less intense as a slight reduction of the litmus takes place. 
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Fig. 3. CoryLEDONS OF SOYBEAN SHOWING THE LESIONS PRODUCED By BACT. SOJAE 





hia. 4. Firsr True Leaves oF SOYBEAN, SHOWING CHARACTERISTIC LESIONS 


Photograph taken with ray filter 














126 


Litmus agar. 
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Physical and biochemical characters 


The carbon compounds, glycerin, saccharose, dextrose, 


and lactose from stock 20 per cent solutions, were added to cooled plain 





Kia. 5. Lesions ON SOYBEAN LEAVES 


Considerable chlorosis and fusion of lesions is apparent. Use was made of ray 
filter. One-half natural size. 


litmus agar tubes to make | per cent solutions of the respective sugars. 


Stab cultures on these media gave no evidence of acid nor gas formation 


after thirty davs’ incubation at 20°C. 
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Fermentation tubes. In peptone broth to which the several carbon com- 
pounds had been added no gas was formed in the closed arm of any of the 
fermentation tubes. There is furthermore no appreciable change in 
acidity. The media in the open arm becomes moderately turbid, with 
the most copious growth in solutions containing lactose. No growth 
takes place in the closed arm, indicating that the organism is strictly 
aerobic. 

Nitrates. Tubes containing peptonized beef broth, to which 1 per cent 
potassium nitrate had been added, were used. At the end of five days, 
both control tubes and cultures were tested with starch-iodide solution. 
No blue color resulted indicating that there was no formation of nitrites. 

Indol. Ten-day-old cultures in Dunham’s solution were tested by using 
0.01 per cent solution of potassium nitrite and a few drops of concentrated 
sulphuric acid. No pink color developed even on gently warming the 
tubes. 

Thermal death point. The thermal death point of this organism as 
determined in the usual manner was found to be 52° C. 

Virulence. The parasite can withstand considerable exposure, since 
it has been possible to isolate it from leaves which had overwintered in 
the field. No tests have been conducted to determine its sensitiveness In 
culture to desiccation, sunlight, and cold. 

Group number. The group number, according to the descriptive chart 
of the Society of American Bacteriologists, is 212.3332023. 


COMPARISON OF THE SOYBEAN BLIGHT ORGANISM WITH OTHER BACTERIAL 
SPECIES ON LEGUMINOUS PLANTS 


Several species of bacteria parasitic on leguminous plants have been 
described, from all of which the form on soybeans appear to differ. It is, 
therefore, given a new specific name, Bacterium sojae, from the host upon 
which it is parasitic. The specific differences of the several species are 
summarized in table 1. 


Résumé of salient characters 


On the basis of the foregoing studies the parasite is manifestly distinet 
from species which are known to occur on leguminous hosts, and it may 
be briefly characterized as follows: 

Bacterium sojae n. sp... Rods cylindrical, rounded at ends, singly or in 
pairs; elements 1.2 to 2.6 by 0.8 to 0.9 u, motile by one to several unipolar 


2 Bacterium sojae sp. nov., Baculis eylindracis, apicibus rotundatis, solitariis 


aut geminis, 1.2 — 2.6 X 0.8 — 0.9 ug, flagello uno polare aut pluribus flagellis moti- 
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TABLE 1 


( ‘omparison of bacteria parasilte on Le guminosede 


ORGANISM HOSTS AVERAGE SIZI GROUP NUMBER 
Bacterium sojae n.sp. Soja max 2.3x0.8p Bact. 212.3332023 
Bacillus lathyrimanns | Lathyrus spp. 1.4x0.75 p B. 211 .2222522 


and Taubenhaus Trifolium spp. 


Soja spp. 


Pseudomonas pisi Sack- | Pisum sativum 2.2 x 0.68 u Ps, 211.2322033 
ett Pisum sativum var. 


arvense 


Pseudomonas medica- | Medicago sativa 2k ROT ee Ps. 212. 33832133 
ginis Sackett 

Pseudomonas phaseoli | Phaseolus vulgaris 15x0.424 Ps. 211.3322513 (?) 
Bs. Ho 35. 

Bacillus leguminiperdus | Pisum sativum 2.1x08.4 | POEs 1 oar maar OF 
von Oven Phaseolus vulgaris 

Lupinus sp. 

Bacterium solanacearum > Arachis hypogoea ete Ql eo Bact. 213 .3333823 

KE. F.S. Stizolobium 


deeringianum 


Phaseolus vulgaris 


flagella, capsulate, no endospores, strictly aerobic. Gram-negative, not 
acid-fast. 
Superficial colonies on beef-peptone agar, circular, raised, smooth, 
shining, white, with an entire margin. 
Gelatin not liquefied; nitrates not reduced; neither acid nor gas pro- 
duced in cultures with various sugars. Group number Bact. 212.3332023. 
Pathogenic on leaves of Soja max, forming angular brown lesions. 
Type specimens have been deposited in the herbarium of the Office of 
Mycological Collections, Bureau of Plant Industry, Washington, D. C. 


libus; capsulatis; Sporis non VISsIs; aerobicis, methodo Grami non colorantis, eum 
acidibus decoloratis. 

Colonis superficialibus in agar-agar orbicularibus, convexis, levibus, nitentibus, 
albidis; gelatinis non liquefacientibus. Nitrum non redugentibus. In mediis sac- 
charatis neque gas neque acidum evolvatis 

Laesionibus foliorum Sojae macis primum translucentibus deinde brunneolis 


angularisque. 
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INOCULATION EXPERIMENTS 


The disease has been reproduced on soybeans with the characteristic 
svmptoms, by artificial inoculation with pure cultures, in several series of 
experiments during 1918 and 1919. The original organism has been re- 
covered in pure culture from five of these series and this reisolated organ- 
ism has been used in four series of successful inoculations. Typical lesions 
followed the application of the organism to uninjured leaves. The inoc- 
ulum consisted of a watery suspension of the organism and was applied by 
means of an atomizer. 

The pure cultures used in the artificial inoculations were obtained from 
three sources, L.e., newly formed leaf lesions, lesions on the cotyledons, 
and from leaves which remained out of doors from the autumn of 1918 
until March 10, 1919. Furthermore, a watery suspension has been made 
from the bacterial exudate taken directly from the lesions and this crude 
inoculum sprayed on healthy sovbeans. Old leaves collected in the field 
during March were macerated with a mortar and pestle, covered with 
water for several hours and then the supernatant portion used as a crude 
inoculum by sprinkling it upon normal plants. Infections similar to the 
natural ones developed in all cases, both from pure cultures and from 
crude inocula. The plants used for inoculation were grown out of doors 
and in beds and flats in the greenhouse. 

The following details will clarify the procedure emploved in the inocu- 
lation experiments. A subculture was made on bouillon from a pure cul- 
ture of the parasite. The cultures when twenty-four to forty-eight hours 
old were employed as the inoculum, after having been diluted with several 
volumes of water, application being made by means of an atomizer. The 
plants were first drenched by means of a watering pot and the inoculum 
was spraved upon these wet leaves. Inoculations were made late in the 
afternoon and the plants were then covered with bell jars until the 
following morning. An incubation period of four to seven days followed. 
Mature lesions require two or three weeks longer for their development. 

Several other leguminous plants, including cowpea, Vigna sinensis, 
velvet beans, St?zolobtum deeringianum, bur clover, Medicago denticulata, 
and white clover, Trifolium repens, have been emploved with negative 
results in artificial tests. 


HISTOLOGY OF DISEASED TISSUES 


For the histological studies upon the pathology of bacterial blight, 
lesions in various stages of development, both from natural and artificial 
infection, were fixed in 95 per cent aleohol, embedded in paraffin, sectioned, 
and stained with carbol fuehsin or preferably alcoholic methylene blue. 
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Entrance of the parasite is very evidently gained through the stomates. 
In the young infections invasion was confined to the intercellular spaces, 
where the organism developed so abundantly as to completely occupy 
the spaces and to force out the air, thus accounting for the translucency 
of lesions. In mature lesions the intracellar spaces are rather closely 
packed with bacteria. Whether the collapse of the walls and the general 
invasion of older lesions is due to Bact. sojae is not known, since a vellow, 
one-flagellate organism is constantly associated with the parasite in old 


lesions. 
VARIETAL SUSCEPTIBILITY 


Opportunity has been afforded, through the courtesy of the Department 
of Agronomy of the North Carolina Experiment Station, during the sea- 
sons of 1916 and 1917, to make observations® on all of the more common 
varieties of soybeans, including Mammoth Yellow, Haberlandt, Black 
Kvebrow, Tar Heel Black, Brown, Peking, Tokio, Virginia, Barechet, 
Chiquita, Guelph, and about 40 numbers from the Office of Seed and 
Plant Introduction. These varieties are grown in adjacent rows, giving 
ample opportunity for the spread of infection. Where evidence of differ- 
ence in relative disease resistance did appear it is not believed to be due 
to innate qualities, although the observations are not sufficiently extended 


to justify passing final judgment. 
OVERWINTERING AND DISSEMINATION 


No observations have been made on the extent of injury from bacteria 
blight to the seed, but if is believed to be of no economic importance 
It is believed, however, that the seed are primarily responsible for the 
overwintering of the disease and for its introduction into new localities. 
Seed infection does not appear to occur until after the pods have matured 
and opened since lesions upon the pods have never been observed. The 
wetting and drying of seed in the field would at least afford ample oppor- 
tunity for the organism to be washed from the leaves and to gain entrance 
to the seed or adhere to its surface. As has already been pointed out, 
lesions may occur upon the cotyledons and may be the source of infection 
for the primary leaves. From these the disease is gradually spread to other 
leaves. At least a score of field observations throughout three growing 
seasons add indirect evidence bearing on the persistence of the organism 
in the seed. Fields in which soybeans are grown for the first time are com- 


monly more or less affected with bacterial blight. In several instances 


From the notes of Dr. R. O. Cromwell, formerly Assistant Plant Pathologist 


) 


North Carolina Agricultural Experiment Station. 
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these fields were miles from the nearest soybean field and were planted 
with seed from fields in which the disease is known to have been present 
during the previous year. Furthermore, plants coming from seed which 
has lain in infested fields during winter are early affected with blight. 
Since fallen soybean leaves decompose rather quickly, they are not believed 
to be responsible for infection at this time. The organism can hibernate, 
however, in leaves, as has been pointed out, in case the piling of the leaves 
prevents their decomposition. 

Water is beyond doubt the chief agent for local distribution of the 
parasite. Beating rains could readily scatter the bacterial exudate from 
the surface of invaded tissues to adjacent leaves. A series of observations 
in 1918, in a field in which soybeans had been planted in drills eight inches 
apart, showed convincingly the influence of showers upon the spread of 
the disease. In 1919, a field which had never previously been seeded to 
soybeans was found, on June 12, to contain an occasional plant whose 
primary leaves were badly diseased. A rainy period of several days’ dura- 
tion followed, and on July first, when next this field was visited, nearly 
every plant in the field bore numerous affected leaves. Attempts to asso- 
ciate the spread of soybean bacterial blight with leaf-hoppers, insects 
commonly present on soybeans, have given negative results. 


SUMMARY 


Bacterial blight of soybeans is a disease whose presence appears to have 
been first recorded in Nebraska in 1905. It has subsequently been reported 
from Connecticut and Wisconsin, and the present investigation concerns 
its occurrence within North Carolina. 

The lesions on the leaves begin as small, angular, water-soaked areas, 
which enlarge and change in color, becoming at length dark brown to 
purplish-black. The surrounding tissues are more or less chlorotic. 
Lesions may also be present on the cotyledons. 

Under humid conditions a bacterial exudate may collect in whitish 
droplets on the lower leaf surface of lesions on soybean. This exudate on 
drying forms a film which covers the invaded area. 

Infection appears to spread from the cotyledons to the true leaves and 


from these to other leaves. 

The parasite has, on numerous occasions, been isolated from the in- 
vaded tissues and from the bacterial ooze. It is rod-shaped, flagellate, 
white in culture, is found to have the group number Bact. 212.3332023, 
and is herein described as Bacterium sojae n. sp. 

When watery suspensions of the organism are applied to uninjured 
leaves infection will be evident within four to seven days. 
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Infection takes place through stomatal invasion, whence the organism 
passes into the intercellular spi 


ices and probably becomes intracellular. 


No evidences of differences in susceptibility of varieties of soybeans 
have peen observed. 


Infected seed are believed to be the chief means by which the disease 
is carried over winter and by which it is introduced into new localities. 
Leaves which remain out of doors over winter have been found to harbor 
this parasite. The disease is spread in the field by splashing rains. 
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SOME INSECT RELATIONS OF BACILLUS TRACHEIPHILUS 
ERW. SM. 


FREDERICK V. RAND AND LILLIAN C. Casa 
Wirn ONE FIGURE IN THE TEXT 


The studies on insect transmission of bacterial wilt of cucurbits by 
Rand! (1915) and by Rand and Enlows?* (1916, 1920), after a temporary 
cessation due to the war, have again been resumed, and it has seemed 
advisable to set forth some of the results obtained during the past season. 


BEETLE DISSECTIONS AND INOCULATIONS 


Previous tests had given infection! (1920) from the viscera, as well as 
somewhat less frequently from the mouth parts of a small percentage of 
striped and 12-spotted cucumber beetles (Diabrotica vittata, and D. duo- 
decempuncta) fed directly upon wilted plants, when these beetle parts were 
directly inoculated into needle-pricked cucumber leaves. It was thought 
desirable to make similar tests throughout the summer using striped 
cucumber beetles taken from the fields at large. Collections began with 
the first spring appearance of the beetles in the vicinity of Washington, 
D. C. In no case were these insects brought into contact with the wilt 
organism (Bacillus tracheiphilus) subsequently to their collection in the 
fields. In cases of inoculation with the viscera alone the beetles were 
shaken three to five minutes in a 1—1000 solution of mercuric chloride in 
75 per cent alcohol and then washed several times in tap water before 
dissection. Where the mouth parts also were used for inoculation they 
were first removed with a cold sterile scalpel, and the viscera then taken 
out under conditions precluding external contamination. Inoculations 
were then made by macerating the part to be tested in a drop of water 
and pricking it into a young cucumber leaf. In no case were the plants 
placed in damp chambers but usually the inoculations were made under 


! Rand, Frederick V. Dissemination of bacterial wilt of cucurbits: Jour. Agr. 
Research 6: 257-260, 1 pl. Nov. 8, 1915. 

2 Rand, Frederick V., and Enlows, Ella M. A. Transmission and control of 
bacterial wilt of cucurbits. Jour. Agr. Research 6: 417-434, 3 fig., 2 pl. June 12, 


1916. 
fand, Frederick V., and Enlows, Ella M. A. Further studies of bacterial wilt 
of cucurbits. U.S. Dept. Agr. Bul. 828. 1920. 
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shade. In all cases of positive results the perfectly definite signs of the 
disease were further checked up by tracing the origin of wilt to the inocu- 
lation points and by a microscopical examination of the cut stems showing 
the vessels to be occluded with bacteria. In the first two cases Bacillus 
tracheiphilus was plated out and successfully inoculated into cucumber 
plants. All inoculations up to May 28 were made upon potted cucumber 
plants in the greenhouse at Washington, D. C., and subsequent inoculations 
were made at Tuxedo, Md., inside of large field cages covered with wire 
netting 18 meshes to the inch. The details of this series of dissection 
inoculations follows: 


Vay 19: 165 male and 90 female beetles were collected from the earliest cucurbit 
eymbling or scallop squash) field in the vicinity of Tuxedo, Md.; dissected and 

inoculated the following day. Wilt resulted from the viscera of one male and one 
female beetle, and Bacillus tracheiphilus was isolated from each of these plants and 
successfully inoculated again into cucumber plants. These beetles were col- 
leeted fifteen to eighteen days before wilt appeared in this field or in the vicinity of 
Washington. 

Way 22: 197 males and 99 females from the same cymbling field; dissected and 
inoculated the following day. Wilt resulted from the viscera of one male. 

Vay 24: 96 males and 55 females from Giesboro Point, D. C.; disseeted and inocu- 
lated three days later. Results negative. 

Vay 27: 25 males and 24 females from the same locality; dissected and inoculated 
the following day. One case of typical wilt started from the visceral inoculation of 
one male beetle but the plant was accidentally destroyed before final notes were 
taken. 

Collections of May 28 to June 6 from cucumber and ey mbling fields in the vicinity 
of Tuxedo, Md., and Giesboro Point, D. C., aggregating 297 males and 192 females; 
dissected partly on the date of collection, parth 


he second day following; all gave negative results. 


y on the day following and in a few 
eases on t 

June 11: 22 males and 6 females; dissection and inoculation at onee from mouth 
parts and viscera separately. Wilt resulted in inoculations from the mouth parts 
of one male and one female respectively, but in no other cases of mouth parts or 
viscera These beetles were collected from two cy mbling fields where an occasional 
natural case of wilt had developed subsequently to June 6, and about half of the 
beetles were taken directly from wilting plants 

June 16: 60 males and 23 females colleeted on healthy young cueumber plants 
at Greenport, Long Island, N. Y., in a field where an oceasional wilting plant was 
to be found These bee tles were fed for five days on voung bean plants non-sSus- 
ceptible to wilt). before dissection and inoculation at Tuxedo, Md. The viscera of 
two males and one female gave typical wilt infection. 

June: 18: 32 males and 7 females collected on cymbling in the vicinity of West 
Plains, Long Island, N. Y.; dissected and inoculated three days later at Tuxedo, 
Md. Results negative. No wilt was present in the field where these beetles were , 


collected. 


June 18: 70 males and 14 females from young cucumbers near Calverton, Long 
Island, N. Y.; dissected and inoculated 3 days later at Tuxedo, Md. Wilt resulted 
from the viscera of one female. No wilt was found in this cucumber field nor in 


the vicinity of Calverton. In fact, most of the cucurbits in this locality were just 


breaking through the ground. 
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June 21: 63 males and 38 females from the cucumber variety plats, Tuxedo, Md.; 
dissected and inoculated at once from mouth parts and viscera separately. Infection 
followed from the viscera of one male, but none from the mouth parts of any. 

August 6: 50 beetles, in part recently pupated adults from the experimental plats, 
Tuxedo, Md.; dissected and inoculated on the same date. Wilt resulted from the 
viscera of one mature female. 

August 18: 48 beetles in part recently pupated adults from the same fiekd; dis- 
sected and inoculated on the same date. Results were negative. 


Some of these positive results were obtained from the first beetles col- 
lected (May 19) in the earliest cucurbit plantings in one locality, whereas 
careful observations in this locality revealed no cases of wilt until eighteen 
days later (June 6), these few cases having developed in the experimental 
plats between the observations of June 3 and June 6. Including all cases 
where the sex of the beetles was recorded (up to August collections) an 
aggregate of 1027 males and 548 females was used. Of all positive results 
from visceral inoculations with these beetles 6 were from male and 3 from 
female individuals. Since approximately twice as many males as females 
were used the ratio between male and female carriers was therefore one 
to one. 

One of the visceral infections followed from inoculation on the date of 
collection; four from inoculation one day after collection, one from inocu- 
lation three days, and three from inoculation five days after collection. 
In the latter case the beetles were fed during the interim upon young bean 
plants, in all other cases upon young, healthy cucumber seedlings free 
from beetle injuries. The greater portion of the inoculations were made 
one day after collection of the beetles, and with the exception of an occa- 
sional 12-spotted beetle all were striped cucumber beetles. 

Out of the two sets of inoculations with mouth parts of beetles taken 
in part from wilting plants in the field, infection resulted from one male 
and one female out of an aggregate of 85 males and 44 females. 


SUPPLEMENTARY EXPERIMENTS 


As a check upon these dissection and inoculation tests a portion of each 
collection of beetles (several hundred in all) made between May 19 and 
29 were enclosed with young cucumber plants in a new field cage about 
40 feet square, covered with new 18-mesh wire netting and provided with 
a solid board base extending 18 inches into a clay subsoil. In this cage 
on June 11 several cases of typical wilt were found starting from beetle 
injuries on the leaves. On July 3 the plants in this cage were carefully 
gone over and 19 cases of typical wilt found—all having apparently started 
from beetle injuries and all unquestionably from the beetles inserted. 
Pure cultures of Bacillus tracheiphilus were obtained from several of these 

















136 PHYTOPATHOLOGY [Vou. 10 


plants and subsequent inoculations with these cultures were successful. 
It should be reealled that all of these beetles were collected and im- 
prisoned before there was any wilt in the surrounding fields. 

As a corollary to this experiment about two dozen small cone cages of 
18-mesh wire netting were placed over as many young cucumber hills 
(June 4), the striped cucumber beetles present and gnawing the leaves 
first being driven away. One case of wilt, the first of the season in the 
vicinity of Tuxedo, Md., was observed under one of these cones on June 
6, the first case in the field. On June 11 five other plants under five other 
cones were found wilting. All these cases had started from injuries made 
by cucumber beetles before the application of the cones on June 4, and 
no beetles had been found on any of these plants since that date. Wilt 
first appeared in the cucumber variety field outside of the cages on June 
6 when about a dozen cases were found, all likewise having started from 
beetle injuries. ; 

In all cases of natural infection seen during this series of studies (1914— 
1920) in which observations were made early enough in the course of the 
disease to determine the point of origin, the wilt clearly has always started 
from injuries identical with gnawings known to have been made by cuecum- 
ber beetles. Experiments already reported, loc. cit. 2, 3 (1916, 1920), have 
shown that stomatal infections do not take place. In addition to these 
results, recent experiments seem to indicate that infection does not take 
place unless the bacteria are brought into contact with injured portions 
of the vascular system. In several series of experiments with young 
cucumber plants the epidermal and subepidermal cells were scratched with 
a sterile needle without going deep enough into the tissue to reach the 
vascular bundles. The surface of these scratched stems were smeared 
with virulent wilt bacteria. In no case did wilt follow although 100 per 
cent infection resulted when these same cultures were smeared over the 
deeply pricked stems or leaves of similar plants. 

The results of these tests, as of the early spring dissection and inocula- 
tion experiments, indicate that a small percentage only of striped cucumber 
beetles harbor the wilt organism when or soon after they enter the cucurbit 
fields in the spring, and that the bacteria thus carried gain entrance only 
through fresh injuries reaching to the vascular tissues. 


INTESTINAL ISOLATIONS 


The dissection and inoculation tests of this and preceding seasons have 
demonstrated the presence of Bacillus trachetphilus in the intestines of 
occasional striped and 12-spotted cucumber beetles. It only remained 
to actually culture out the organism. On November 8, 1919, twelve 
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striped cucumber beetles previously fed on wilting cucumber plants for 
two weeks were held in a clean glass jar without food for four hours. 
These beetles were then placed in a sterile test tube and shaken for a 
moment in 95 per cent alcohol and then for two minutes in mercuric 
chloride water (1-1000). The beetles were then washed four times in 
sterile tap water, placed in separate sterile Petri dishes and the viscera 
removed by cutting the tip of the abdomen with a sterile scalpel and 
squeezing out the contents onto the sterile glass by an oblique backward 
movement of the scalpel. The viscera from each beetle were macerated 
in a test tube of sterile beef bouillon, let stand for half an hour and then 
dilutions made in further tubes of bouillon, whereupon Petri dish cultures 
were made in plus 15 beef agar. In this manner Bacillus tracheiphilus 
was obtained in pure culture from the viscera of three (Nos. G, I, K) out 
of the twelve beetles tested. These cultures were checked up by successful 
inoculations into young cucumber plants. 

The abdominal remains of each of these twelve beetles were macerated 
in a drop of water and used at once to inoculate the pricked leaves of 
twelve young cucumber plants, as a check on the isolation test. Typical 
wilt resulted from one (No. K) of these direct inoculations, and this was 
one of the three beetles giving the wilt organism from the visceral isola- 
tions. The juice of this wilted plant was used to directly inoculate a 
healthy cucumber plant which later developed the disease. 


FECAL INOCULATIONS 


Field observations in the early morning had many times shown what 
appeared to be the feces of cucumber beetles mixed in the dew over portions 
of cucumber leaves showing beetle injuries. Subsequently some of these 
leaves were found with bacterial wilt starting from the beetle injuries. 
Furthermore, preliminary field experiments in which different sets of 
caged cucumber plants were artificially inoculated by needle pricks from 
pure culture (1) after sundown and (2) on the following morning when 
it was hot and sunny, had given a higher percentage of infection from the 
evening inoculations. In one test all of the six plants inoculated at night- 
fall developed wilt, while all of the six plants inoculated the following 
morning remained free from the disease. These facts suggested the 
possibility of fecal infection in the dew over fresh abrasions on the leaves. 

Accordingly a series of experiments was carried out to clear up this 
point. On November 8, 1919, 18 striped cucumber beetles, previously fed 
for three weeks on wilting cucumber plants, were placed in a clean, dry 
glass vial and the feces collected after two hours. This fecal matter was 
then macerated in a few drops of water and inoculated by needle pricks 
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into the leaf of a young healthy cucumber plant in the greenhouse. The 
results of this experiment were negative. This test was repeated, collecting 
the feces over night, and with a like negative result. 

As a result of these two experiments it was thought possible that if the 
feces were not allowed to dry, and if air conditions comparable to the dew 
point in the field were given, a different result might follow. Accordingly 
on December 25, 16 striped cucumber beetles, previously fed for seventeen 
days on wilting cucumber plants, were caged in small vials, 4 to a vial, 
directly over young cucumber leaves in such a way that the feces would 
drop through to the leaves without allowing the beetles themselves to 
come into contact with the leaves (fig. 1). The cucumber leaf was sup- 
ported upon a heavy cork and covered with another piece of cork } inch 
thick. A section of this thin cork under the bottomless vial was cut out 
and the lower end of the vial separated from this opening through the 
cork by a small piece of galvanized iron wire netting, 18 meshes to the 
inch. The leaf was moistened, pricked with a sterile needle, and the 
beetles were then introduced through the upper opening of the vial, which 
was closed with a cork stopper and the whole apparatus held in a damp 
chamber over night. The presence of the cucumber leaf and the access 
to air below, kept the beetles most of the time near this end of the vial 
so that the feces readily fell through the netting and the following morning 
were observed on the leaf below. The beetles themselves, however, could 
in no way reach the leaf. The apparatus was set up at night and removed 
the following morning, after which the plants were held in the beetle-free 
greenhouse for observation. On December 6 one of the four plants was 
starting to wilt from the inoculated portion and three days later the whole 
plant had succumbed. Microscopical examination of the cut stem showed 
the presence of bacteria in the vessels and direct inoculation of a healthy 
cucumber plant with the juice from this stem induced the disease. 

These same beetles were then caged for three days more on a wilting 
cucumber plant and the experiment repeated in an identical manner, and 
with the same results. One plant out of the four wilted and Bacillus 
tracheiphilus was isolated from it and subsequently checked up by success- 
ful inoculation into a healthy cucumber plant. 

As a further control on this series of experiments the same set of beetles 
was caged over night with a wilted plant and then (December 29) removed 
and each of the sixteen beetles at once dissected. Inoculations were made 
to separate plants with the mouth parts and viscera and all held over 
night in a damp chamber. Four cases of wilt resulted from inoculations 
with the mouth parts of the sixteen beetles and five cases from those 
inoculated with the viscera. Two of the mouth part infections were from 


beetles showing no visceral infection. 
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Fic. 1. Apparatus Usep For OBTAINING FecaL INFECTIONS WITH BacILLUs 
TRACHELPHILUS WitrHout Contact BETWEEN INSECTS AND PLANT 
Photograph by J. F. Brewer 
































140 PHYTOPATHOLOGY [Vou. 10 


Ina subsidiary test (December 6) where seven beetles, previously fed 
for eighteen days on wilting cucumber plants, were taken directly for 
ut 


inoculation, two cases of wilt resulted from the visceral inoculations 
none from the mouth parts. These plants were not held over night in 


a damp chamber. 
SUMMARY 


It is clear that a small percentage of striped cucumber beetles harbor 
the wilt organism internally when they enter the cucurbit fields in the 
spring and there appears to be no other source for their infection than 
the cucurbit crop of the preceding autumn. Infections may take place 
from the mouth parts, at least for a limited time after feeding upon 
wilted plants, and infections are shown to oecur when the feces of some 
beetles, but not all, come into contact with fresh injuries to the leaves. 
Infections take place only through injuries involving the vascular 
svstem. Bacillus trache(philus has been isolated directly from the viscera 
of wilt-fed striped cucumber beetles. Beetles of the genus Diabrotica 
(proved for two species) are the only carriers of the disease so far known 
in nature, 
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NOTES ON SOME DISEASES OF ASPEN 
Cart HaRPTetEY ann GLrEenn GG. Bann 
With THREE FIGURE: IN THE TEXT 


The quaking aspen, Populus tremuloides Michx., probably the most 
widely distributed American forest tree, is in places unusually subject 
to disease. Inthe Pike’s Peak region in east-central Colorado diseases 
are so destructive as to suggest that they may be quite as largely respon- 
sible there for the short life of aspen stands as the shading by the more 
tolerant conifers, to which aspen replacement in the East is commonly 
ascribed. The damage done by disease in the aspen in this district is 
not equalled in any other native American tree of which the writers have 
knowledge in any part of the country. Death of isolated trees as well as 
of those in groups regularly occurs much betore maturity. Observations 
in the Wasatch Mountains of Utah, where aspen seems to be a less tempo- 
rary forest type, indicate that diseases are decidedly less destructive there. 
The most prominent of the diseases noted are described in the following: 


LEAF TROUBLES 


The most prevalent leaf disease in the Pike’s Peak region Is that caused 
by Sclerotium bifrons. The disease is characterized by the death of the 
entire leaf. Half of the foliage over considerable forest areas is sometimes 
killed. The greatest prevalence is near streams. The dead leaves are 
tvpically persistent until autumn. In August one to five, or more, defi- 
nitely outlined areas in each leaf become thicker and darker than the rest 
of the leaf, and usually drop out before the leaf falls, resulting in a shot- 
hole effect. The selerotia vary from brown to black, with nearly white 
interior tissue. They are circular, ellipsoid, or sometimes irregularly 
lobed, with diameters usually between 2 and 8 mm., 3.5 mm. being a very 
common diameter. Attempts were made to develop fruits from these 
sclerotia. Fresh selerotia were washed in mercuric chloride solution and | 
planted in six different kinds of nutrient agar (prune, rice-stem, potato, 
cornmeal, beef and saccharose, and cornmeal and saccharose). The 
eultures either remained sterile, or yielded only Cylospora sp., which fruits 


commonly on dead aspen bark in the Pike’s Peak region. Sclerotia placed 


on the ground in loose cloth sacks near the point of collection (9000 feet 
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elevation, Pike National Forest) and at Great Falls, Virginia, in the 
autumn, showed no change by the following spring. Possibly cultures from 
these over-wintered seclerotia would have been more successful. 

The fungus has been found abundantly by Dr. G. G. Hedgecock and the 
writers on the Pike, Colorado, Rio Grande, San Isabel, San Juan, Un- 
compaghre, and Montezuma National Forests, Colorado, and by Dr. 
Perley Spaulding practically throughout New England and the Adirondack 
region. In Utah it has been observed, but less commonly. Specimens 
have been secured from the Hayden National Forest, Wyoming, collected 





\ 


\ \ 


hia. 1. Leaves or LomBarpy PopLar KILLED BY SCLEROTIUM BIFRONS 


The sclerotium in the right-hand leaf has commenced the process of separation 


from the leaf which ultimately gives a shot-hole effect. 


by Mr. A. M. Cook. In the Adirondacks, Dr. Spaulding’s notes state 
that in mixed stands of P. tremuloides and P. grandide ntata only the former 
is attacked. The fungus has also been reported from Wisconsin (2). 
Specimens have been distributed as N. A. PF. 2554 (from Ontario) and 
Fungi Columbiana 155 (Ottawa) and 2276 (Colorado). Specimens are 
now in the collections of the office of Forest Pathology, collected by Dr. 
G. G. Hedgeock, Doctor Spaulding, Mr. G. L. Barrus, and the writers, 
from P. tremuloides in Colorado (fifteen collections), New York (three), 
and Vermont (two). The only collection known to the writers on hosts 
other than P. tremuloides is from Lombardy poplar (P?. nigra italica Du 
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Roi), received from Miss Ethel Paine, Heath, Massachusetts (fig. 1), 
(Specimen F. P. 29306). 

In the spring or early summer both the youngest leaves and the tender 
twig tips are sometimes killed in such a way as to suggest frost injury 
but at times when there has been little frost While the leaves do not 
persist and bear sclerotia, there is reason to think that this phenomenon 
is also due to the Sclerotium. 

Cultures made from an angular leaf spot rather prevalent on the Pike 
National Forest yielded, in additon to hyphomycetes, nothing but Cyto- 
spord sp. 

Leaf rust, MWelampsora albertensis Arth. (Specimens F. P. 32698), is 
also quite common in the Pike’s Peak region, fruiting conspicuously on 
the lower surfaces of the leaves, but does apparently little damage, not 
causing the premature defoliation often observed in young Populus 
deltoides affected with Melampsora medusae Thiim., or the blighting of 
leaves and lateral twigs by Warsonia populi (Lib.) Saee. (5). This blight 
has been observed by Dr. G. G. Hedgeock to be frequent and injurious 
upon the Holy Cross National Forest, Colorado, and Targhee National 
Forest, Idaho. 


TWIG TROUBLES 


A disease locally prevalent in the Pike Forest, which has been observed 
in late summer during several different seasons, is a twig blight. The 
persistent blackened leaves give the trees much the same appearance as 
pear trees affected by fire blight. Insect tunnels were found in some of 
the affected twigs. 

A trouble which may or may not have been connected with the death 
of twig terminals was a killing of short lateral twigs and isolated leaves 
with the same characteristic blackening and persistence. Examination of 
solitary dead leaves showed in part of the cases an insect larva tunnelling 
in the twig direetly under the point of attachment of the petiole. 


TRUNK TROUBLES 


The heart rot due to Fomes ‘gniarius, which is widely distributed on 
aspen (7), is common in parts of Colorado, entering relatively small stems 
and, after establishment in the trunk, spreading outward through both 
heart and sap wood until the ecambium is reached and killed. Ordinarily 
however only the heart wood and older changing sap wood are affected. 

The most serious damage to the aspen in the Pike’s Peak region is from 
bark lesions. Three types are frequent: (1) Elongated dead areas most 
often formed on the south or west sides of trunks, presumably due to 
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winter sunscald. These sometimes serve as starting points for lesions 
such as described under III, but do not directly cause death. They have 
not been commonly observed. II. Determinate cankers which may 
appear on any side of the tree and are not believed to be connected with 
sun or winter injury, though such a possibility is not excluded. In size 
this type of canker is usually in the earlier stages small, and may become 
exceedingly large, lengths of 12 to 15 feet having been observed, at times 
practically involving the larger part of the tree In appearance these 
suggest cankers caused by Bacillus amylovorus (Burrill) De Toni. Obser- 
vation indicates that some of these cankers continue to spread, successive 
zones of wound callus being killed. In certain cases the parasite seemed 
to be able to extend the lesion the second year only at the upper margin. 
Lesions on the trunk often originate at branch stubs.: Branches as well 
as main trunks may be affected. The type II canker is the most serious 
in the Pike’s Peak region as well as in the East throughout the New England 
and Adirondack regions. In the latter region this canker renders the aspen 
worthless before it reaches available size. Here the canker, according 
to the observations of Dr. Spaulding, causes the aspen to be readily suscep- 
tible to mechanical injury, trees frequently breaking over at the region of 
the lesion (figs. 2 and 3). III. Lesions on less vigorous trees, which spread 
more rapidly and are not often determinate or regularly zonate. These 
frequently cause death by girdling. All three of these types of stem 
lesions are common in slow-growing stands on unfavorable sites. As these 
sites are in general dry, it seems probable that it is the lack of vigor of 
the host more than favorable conditions for parasite development which 
is responsible for the local variations observed in prevalance of cankers. 
A Cytospora sp. with reddish or orange-colored spore horns and closely 
resembling Cytospora chrysosperma Pers. fruits abundantly on cankers of 
types I and III, and very promptly on aspen killed back by any agency. 
On cankers of type II it seems less common than on I and III. Dothiorella 
populnea Thiim. (Specimen F. P. 32699) is frequently found mixed with 
the Cytospora, the pyenidia crowded on a stroma, erumpent, and fully 
exposed when the epidermis is entirely loosened and falls away. This 
fungus is of interest for it is listed by Stevens (8) as being perhaps parasitic 
on Populus. Valsa sordida' has also been collected on the cankers. 

An interesting phenomenon possibly related to a bark disease of estab- 
lished trees is the bark blackening of cuttings. While Populus alba (4) 
and P. tremula (1) cannot be propaged from cuttings, Hedrick (6) states 
that cuttage is a practicable method for propagating P. tremuloides In 
an effort to test the value of aspen as a nurse tree, Mr. C. G. Bates, of the 
Forest Service, in 1909 set out at Halsey, Nebraska, 2600 hardwood aspen 


1 Determination by Mrs. H. E. Watkins. 
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cuttings, part from South Dakota, part from an isolated clump of native 
aspen near Halsey. Both the cuttings in the nursery and those set out 
directly in the sandhills callused well, and at the end of a few weeks 74 
per cent had started leaves. Before roots started, the bark of all became 
blackened in definite patches which started at the callused surfaces or 
at buds, spreading till the entire cutting was involved. The planting was 
a total loss. Cuttings taken from the Pike Forest and planted in sand 
in a greenhouse at Washington, D. C., behaved in the same way, though 
part of them had been washed in mercuric chloride solution and the ends 
trimmed back with a sterile knife. In this case the cuttings which had 
started leaf growth blackened much earlier than those which had not. 
Two of these cuttings commenced to blacken at points remote from buds 
or visible wounds, an occurrence rarely observed. The cuttings planted 
at Washington were set in rows, and the living and dead mapped at inter- 
vals. No evidence was secured of the spread of the disease from foci. 
Inner bark cut from recently blackened areas both on diseased cuttings 
and in cankers found on living trees was planted in nutrient media. Beef 
agar, cornmeal agar, prune agar, aspen agar, and beef gelatin were em- 
ployed. No organism appeared consistently and many of the plantings 
yielded no organism whatever. Rhizoctania hyphae were common on the 
surface of the diseased cuttings, but inoculation at wounds with artificial 
cultures of Rhizoctonia, Cytospora, and Macrosporium, the two latter 
taken from a canker on native aspen at Halsey, failed to give results. 
Pieces of recently blackened inner bark were fastened in slits in healthy 
bark without pathogenic results. 

The rapid blackening of bark is a common phenomenon in aspen killed 
from any cause, and therefore is not a diagnostic character for the work 
of any particular disease. It is entirely possible that no parasitic action 
was involved in this failure of the aspen cuttings. It does not seem likely 
that the Cytospora so commonly found was the cause of the death of the 
cuttings. Another possibility which seems to the writers worthy of con- 
sideration is that much of the bark killing, both on cuttings and on trunks 
and possibly twigs of older trees, may be due to a bacterial organism like 
the Micrococcus populi of Delacroix (3), which he was able to cultivate 
only in unheated poplar bark trituration. It seems especially likely that 
the cankers of type II may have been caused by an organism of this type. 


SUMMARY 


Observations have shown quaking aspen in certain areas to be unusually 
subject to disease; trunk cankers of unknown origin seem to be especially 
important factors in shortening the life of the trees. Fomes igniarius is 
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also an important factor in causing premature death of aspen in the Pike’s 
Peak region. 

Interesting but less important diseases are (1) a twig blight suggesting 
in appearance the fire blight of pear; (2) a leaf disease due to Sclerotium 
bifrons, E. & FE., distributed from the Rocky Mountains to New England 
and also attacking Lombardy poplar but not Populus grandidentata; and 
(3) a rapidly spreading bark trouble which kills cuttings. 

OFFICE OF INVESTIGATIONS IN ForEST PATHOLOGY 

Unirep States Bureau OF PLANT INDUSTRY 
Wasuinaton, D.C. 
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IRIS LEAF SPOT CAUSED BY DIDYMELLINA IRIDIS 
W. B. TispaLte! 
Wir Srx Figures 1n THE TEXT 
INTRODUCTION 


The most widespread disease of the German group of Iris in this coun- 
try is the leaf spot caused by Didymellina iridis (Desm.) v. H. It is rivaled 
in seriousness only by the bacterial soft rot of the rhizomes. Because of 
the increasing prevalence of the disease in the vicinity of Madison, Wis- 
consin, and a lack of knowledge of the life history of the causal organism 
and of control measures, it has seemed a problem worthy of investigation. 
Accordingly, the writer undertook a study of the disease in October, 1916, 
at the University of Wisconsin. Since that time the life cycle of the 
fungus has been followed, the ascigerous stage found, and successful con- 
trol measures worked out. In connection with this work various details 
relative to the morphology and the physiology of the organism were 
determined, which deserve mention although not a part of the main 
undertaking. 


THE DISEASE 
History and geographical distribution 


The fungus causing Iris leaf spot has been known to mycologists In for- 
eign countries for years, but it has attracted little attention from phyto- 
pathologists until more recently. Cooke (5) seems to have been first to 
consider the disease of any serious import. Later (6) the same author 
reported the disease as being very troublesome in several parts of England 
and Ritzema Bos (14) reported investigations upon a disease of Narcissus 
which he attributed to the Iris organism. The disease oceurs in practi- 
cally all of the European countries (6, 11), Canada (9), and the Cape of 
Good Hope, but no note was made of its importance in these regions. 


1 The writer wishes to express to Dr. A. G. Johnson, at whose suggestion this inves- 
tigation was undertaken, his sincere appreciation of the many valuable suggestions 
and helpful criticisms given during the progress of the work. He is further indebted 
to Dr. J. J. Davis and to Dr. C. L. Shear for their assistance in identifying the 
ascigerous stage of the organism, and to Dr. L. R. Jones for his assistance in the 


final preparation of the manuscript. 
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During the two vears in which the problem has been under considera- 
tion, a partial survey has been made of the United States. Answers to 
questionnaires sent to plant pathologists of the agricultural experiment 
stations indicate that outside of Wisconsin the disease is prevalent only 
in California, Kansas, New York and Ohio. However, judging from the 
wide range of climatic conditions which obtain among these states, It is 
quite certain that the disease may develop in practically all regions where 
susceptible species of Iris are grown. 


Hosts 


At Madison, Wisconsin, natural infection has appeared on only the 
broad-leaved or German Iris. The species of this group which have been 
found affected in this vicinity are® Iris germanica, I. florentina var. albi- 
cans, I. variegata var. honorabilis, and one unidentified species. Reports 
from European countries show that the same fungus crosses over to other 
species and genera of hosts and Cooke (5) reported it on Lychnis, a mem- 
ber of a widely separated family. Ritzema Bos (14) attributed a serious 
disease of several varieties of Narcissus to the same fungus. In 1888 Ellis 
collected, at Newfield, New Jersey, a fungus which he identified as Hetero- 
sporium gracile Sace. on Hemerocallis fulva. The same organism has been 
reported by Lindau (11) as occurring on Freesia, Antholyza, Gladiolus, 
and Gemmingia. Since the only specimens readily available for exami- 
nation were those of broad-leaved Iris, no comparative study of the organ- 
isms from the various hosts was made. Cross inoculation experiments 
to Hemerocallis sp., Nareissus Emperor, and Pheasant (Hort. varieties) 
with the organism from Iris were unsuccessful in every case. This would 
seem to indicate specialized races or even different species of the fungus 
on the various host genera. 


Signs of the disease 


The disease has been observed on the leaves only, with infection most 
abundant on the apical half. It is first evident as minute brown spots 
surrounded by a watersoaked margin which later turns yellow (fig. 1). 
The spots occur on either surface of the leaf, but are not visible on the 
opposite surface until one or two days later. In the spring the spots 
enlarge slowly, requiring about thirty days to become 14 inch in diameter. 
Later in the season, however, they enlarge much more rapidly and pro- 
duce conidia after about two weeks. The size and the number of the spots 


‘ Bailey’s Standard Cyclopedia of Horticulture has been followed in the above 


classification and nomenclature. 
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vary with the species of host; they are about !4 to 1% inch in diameter 
on I. germanica and smaller and more numerous on the other species. 
The older spots are oval or elliptical in shape, with the longer axis parallel 
to the veins. They may in some instances be so numerous as to kill the 
entire leaf early in the summer, but, as a rule, only a few of the leaves die 
before the blossoming season. It is not uncommon to find a striping of 
the leaves of J. germanica. This is due to dying of the tissue between the 
spot and the apex of the leaf. The older spots have a grayish center which 
is dotted with tufts of black conidiophores (fig. 2). Surrounding this 
center is areddish brown border which is a deposit of some substance on 
the cell walls. The nature of this substance was not determined. The 
descriptions given by Cooke, Giissow, and Ramsbottom correspond very 
favorably with the above. It is, therefore, presumed that they were 
dealing with the same hosts. 





Fig. 1. [rts Lear Spor Ten Days AFTER ARTIFICIAL INOCULATION 


According to Ritzema Bos (14), the disease of Narcissus, for which he 
holds the same fungus responsible, attacks the plants in quite a different 
manner. He states that the first evidence of the disease is a yellowing of 
the margins of the leaf, which soon involves the whole leaf, thereby caus- 
ing the sudden death of the affected parts. After the leaf dies its upper 
surface becomes covered with a blackish fungus growth. The leaves of 
Iris are very similar morphologically to those of Nareissus, and it seems 
unlikely that the same organism would produce only a spot on the former 
and completely destroy the leaves of the latter. 


Economic rm portance 


Didymellina iridis reaches its most destructive stage at such a period 
in the growth of the plant that it is difficult to estimate the amount of 
damage incurred in any one year. Although the disease appears soon 


after the young leaves emerge in the spring, it does not become very notice- 
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able until about the blossoming season, which in Wisconsin is the latter 
part of June. After this time the disease develops very rapidly and kills 
many of the leaves prematurely. This premature death of the foliage 
reduces the amount of food stored up in the rhizomes, and if the process 
continues from vear to vear the death of the plants will ultimately follow. 
The disease has not been followed closely enough and for a sufficient 





Fig. 2. Otp Spor on Iris Lear, SHOWING Turtrs OF CONIDIOPHORES 
Natural infection. 5 


length of time to determine to what extent the vigor of the plants is thus 
reduced from year to vear. 

Cooke says (6): The leaf spot is one of the most troublesome and per- 
sistent diseases of Iris in England, the plants being killed in one or more 
vears. Giissow (9), on the other hand, considers the disease of minor 


importance in Canada. 
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Pathological histology 


In all cases examined the germ tubes were found to enter the tissue 
through the stomata (fig. 3). Ramsbottom (13) states that he found 





penetration taking place both through the stomata and directly through | 
the epidermis. Ritzema Bos (14) states that the fungus attacking Nar- 
cissus penetrates the tissue by both methods. Inasmuch as not a single 


case of direct penetration of the cuticle was found, it seems reasonable to 





believe that this mode of attack is the exception rather than the rule. 
Upon entering the substomatal chamber the germ tube sends out 








branches which wedge between the cells, forcing them apart. Later the 
{ baal 2 
hyphae become intra-cellular, the cells collapse and the affected are: 
dries out. The contents of the affected cells first turn yellowish and then 
Hy | 
H} \ 
i \\ 
\ / 
\ / 
| \ 
Hi | 
| | 
| 
| 
| Fic. 3. DIFFERENT STAGES OF STOMATAL PENETRATION BY CONIDIAL STAGE OF 
if DIDYMELLINA IRIDIS 
ia — aces , 
| Showing germination characteristics of conidia 
| gradually disappear. A reddish brown material accumulates on the cell 
walls in the margin of the affected zone, giving the characteristic brown 
i | margins. Small masses of hyphae develop in the substomatal chambers 
| and give rise to tufts of conidiophores, which in crowding through the 
| stomata tear the epidermis loose from the underlying tissue, thus giving 
i)! Ihhe ] : 
| the chracteristie gray color to the center of the spot. The hyphae seem to 
| be restricted to the spot while the leaf is yet green, but after the leaf dies 
| they spread throughout the tissue. 
THE CAUSAL ORGANISM 
Taxonomy 
Conidial stage. Marly records of the fungus on Iris date back to 1881, 
when Saeeardo (15) deseribed the conidial stage of the organism and 
‘ referred it to Het rosporium echinulatum (B. x Br.) Cooke. This specific 
i| 
tt 
it 
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name had previously been given by Berkeley (2) to the fungus attacking 
carnations. Later Saeeardo (16) referred the fungus on Iris to Hetero- 
sporium gracile Wally. He had, however, already referred the Helmintho- 
sportum gracile Wally. to Brachysporium (16, p. 480). This, according to 
eurrent description, is a very different fungus from the one under con- 
sideration here. On this account later authors as Cavara (3), Schroeter 
(17), Oudemans (12), Ramsbottom (13) and others have attributed the 
name [elerosporium gracile to Saceardo. 

Aseigerous stage. During the course of these studies an ascomycete 
was found on the dead, infected leaves of J. variegata var. honorabilis 
and J. florentina var. albicans. Pure cultures obtained from single asco- 
spores of this fungus have produced typical conidia, and the positive results 
of Inoculation experiments with such conidia seem to be sufficient proof 
that the ascomycete under consideration is the ascigerous stage of Hetero- 
sportum gracile, 

There seems to be no record in literature of any previous connection 
of IH. gracile Sace. with an ascigerous stage. Also, judging from deserip- 
tion only, the ascigerous stage under consideration seems to differ from 
any species of sphaeriacecous forms attacking Iris. 

Specimens were, therefore, sent to Dr. C. L. Shear at Washington, 
D. (., for identification. Upon comparison he found them to be identical 
with specimens distributed by Desmazieres in his Pl. Crypt. France, 
No. 94 (1853) on leaves and pods of Jr7s pseudacorus collected at Herman- 
ville, France, by Roberge, and described as Dothidia 7ridis Desm. in Ann. 
Sci. Nat. Bot., Ser. 3, VITT Bd., p. 76, 1847. He also compared them with 
specimens collected by Roberge at Caen, France, and now in the herbariun 
of Michener. 

Von Hoéhnel (10) in *“Mycologische Fragmente,’” CCVIT in) Annales 
Mycologici, vol. NVI, nos. 1 and 2, 64-66, 1918, enters into a full diseus- 
sion of the morphology and taxonomy of Dothidia tridis Desm. Thisauthor 
says (p.66) that Dothidia tridis Desm.is a Didymella Sace. (1878) without 
paraphyses and therefore belongs to a new genus which he calls Didy- 
mellina. He also claims that many species of Mycosphaerella belong to 
this genus. Accordingly, he applies the binomial Didymellina  cridis 
(Desm.) v. H. and lists the following as synonyms: 

Type species: Dothidia tridis Desi. 1847. 

Svnonvms: Sacidiwm desmasierti Montagne 1857 

Sphaerella tridis Auersw. 1869 

Metasphaeria iridis (Desm.) Saee. 1883 
Mycosphaerella tridis (Auersw.) Schroeter 1894 
Sphaerulina tridis (Desm.) Berlese 1894 
Sphaerella desmazierti (Mont.) Sace. 1895 


Sphaerella desmazierii (Roberge) v. H. 1910 
/ 
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Sonie confusion exists among mycologists as to the taxonomic position 





of some of the above forms, or else von Héhnel included forms which should 
| not be considered as svnonymous with the specimen originally deseribed 


by Desmazieres. A comparison of specimens of Sphaerella cridis Auersw. 





and Mycosphaerella iridis (Auersw.) Schroet. in the herbarium of the De- 
partment of Botany of the University of Wisconsin with the fungus 





deseribed in this article reveals a great difference in size of perithecia and 
of spores. The perithecia of these specimens measure only about 120 to 
160 microns in length and the spores 4 to 5 by 12 to 17 microns. ‘Two of 
the herbarium specimens which were on green leaves collected in June 
and September showed no evidences of a conidial stage: The spots had 
no definite reddish brown border and were more irregular in shape than 
those upon the material collected at Madison. As stated elsewhere, peri- 
thecia have been collected at Madison on only the dead leaves of Iris 





and only during the spring months. 


i Morphology 





| The fungus, Didymellina tridis (Desm.) v. H., has two stages in its life | 
! cycle, namely, (1) the conidial stage parasitic on the leaves of Iris, and 
i (2) an ascigerous stage which develops in the spring on the dead leaves 
infected during the previous season. The perithecia were found to be 
| sterile two years out of the three during which the fungus was under ob- 
| servation and so appear to play a relatively unimportant part in the life 
ij eyele. 
i Conidial stage. Three or four weeks after primary infection occurs, | 
| tufts of conidiophores emerge through the stomata in the diseased spots 
and bear conidia. The conidiophores are olivaceous and more or less 
| zigzag in shape at the upper end. The dimensions vary considerably with 
i | environmental conditions. The ones borne in the spots during the summer 
| average about 11 by 70 microns, while those developing in the spring on 
| the apices of sterile perithecia average about 12 by 150 microns. 
if The conidia are echinulate, concolorous with the conidiophores, evlin- 
‘fl drical with rounded ends, two to three septate, slightly constricted at the 
i cross walls, and range from 13.7 to 18.7 by 40 to 60 microns, averaging 
16.8 by 50.8 microns. The range in size is quite variable in any one spot 
| or in pure culture, and while the range is a little greater than that given 
| by Saceardo and Lindau, it does not seem sufficient for specific separation. 
| Lscigerous stage. Perithecia seattered, smooth, globose, dark brown 
1! to black, 180 to 220 by 188 to 246 microns, averaging about 160 by 200 
microns; subepidermal, with a papilliform ostiole which may bear a tuft 
: of conidiophores under favorable weather conditions; walls pseudo- 
| parenchymatous, two to four cells thick (fig. 4 
i 
i 
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Asci obelavate to oblong, hyaline, thin walled, rounded and obtuse 
above, tapering below into a short pedicel, or sessile, fasicled; 36 to 54 by 
72 to 117 microns, averaging 49.9 by 97.2 microns; from 6 to 25 in a peri- 
thecium, without paraphyses (fig. 5). 


Ascospores oval-elliptical, one septate, distinctly constricted, contents 
light greenish-yellow, wall slightly tinted; 10.5 to 16.2 by 30.6 to 54 
microns, averaging 14.4 by 44 microns, slightly unequally two-celled; 
usually eight spores in an ascus. 





Fig. 4. DipyMELLINA IRIDIS 


Camera lucida drawing of a median seetion through a perithecium 


Fig. 5. Asct or DIpYMELLINA IRIDIS 


Showing different stages of maturity in the same perithecium 


Physiology 


Cultural studies. In pure culture the young hyphae are grayish-white, 
delicate and septate. On most media used this type of hyphae forms a 
dome-shaped, aérial colony within the first few days. After about five 
days the hyphae begin to form a thin, dark brown to black stroma on the 
surface of the medium from which olivacious conidiophores arise and pro- 
duce conidia acrogenously. As each conidium approaches maturity it is 
pushed aside and the conidiophore continues to grow and produce more 
conidia until from two to four are produced. The conidia are very easily 


dislodged and are never found with more than two in situ. 
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The fungus grows well on most of the common laboratory media except 
heef-peptone agar. It also grows well on steamed stems of Melilotus atha 
and steamed leaves of Iris. As compared with the Fusaria and some 
other organisms, if does not grow very vigorously on any of the media, 
requiring about two weeks to cover the surface of a slanted tube of agar. 
It produced conidia more abundantly on potato agar, corn meal agar, 
and sterilized stems than on any of the other media used. 

On steam sterilized stems of MWelrlotus alba and steamed Iris leaves the 
growth is at first similar to that on other media except that conidia are 
produced two or three days earlier. Peritheeia begin to develop when 
the culture is about twelve days old, and reach their maximal size about 
ten days later. During the first week they contain abundant oil globules, 
but these finally disappear and the perithecia remain sterile. Sueh cul- 
tures were treated In many different ways In an attempt to stimulate the 


production of ASCOSPOres, byirt without SLCCESS, 


Germination. studtes 


Conidia, Conidia taken from a pure culture germinate readily on both 


solid and liquid media. Germ tubes are produced from any or all of the 


PABLE 1 
The elation of temperature to the rate of conid 1g mination 
VMPEL i Kh I Mf REQUIRED FOF GERMINATION 
( } 
! 21 
S 6 
13 ! 
ij ) 
Oo» ) 
26 2 
30) 11 
a No germination 


cells of each spore, and as many as three tubes may be produced from a 
single cell. The germ tubes from a single spore may develop simultane- 
ously or later in the middle than in the end cells. Spores eermingnte best 
and most rapidly at 20° to 26°C., as shown in table 1. At temperatures 
higher or lower than these germination takes place more slowly, and at 
30° the tubes are densely vacuolate and grow very slowly. 

The optimal temperatures (22-26°C.) commonly obtain out-of-doors 
during the latter part of May and June. when the disease is developing 


most rapidly. 
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Ascospores. Ascospores removed from perithecia and planted in water 
or on water agar germinate within about six hours. Development of the 
germ tube is in some cells immediately preceded by the appearance of a 
septum, and each of the three or four cells thus formed is capable of pro- 
ducing one or two germ tubes (fig. 6). Once started, the tubes grow fairly 
rapidly on potato agar and after five days a colony developing from a 
single ascospore produces conidia which are exactly similar to those of 
H. gracile. The colonies developing from single ascospores are likewise 
similar to those developing from conidia, when grown on the same kind 


of medium. 
/ \ 
[ / 
/ 


| 


\ \ 
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Fig. 6. GERMINATING ASCOSPORES OF DIDYMELLINA IRIDIS 


Overwintering and life history of the organism 


The causal organism of Iris leaf spot passes the winter in the mycelial 
stage in the old infected leaves, and produces conidia and perithecia early 
the following spring. During the course of these studies no viable conidia 
were found in the field from December to March. However, an exami- 
nation of the dead leaf tissue revealed the presence of dark brown, thick 
walled hyphae and when the leaves were brought into the laboratory and 
kept in a moist chamber at room temperature for two or three days abun- 
dant conidiophores and conidia developed in the old spots. Conidia 
developed in culture at 8°C. in fifteen days, and were found outside in 
March, following a few days of warm weather. This seems to indicate 
that successive crops of conidia are produced throughout the winter in 
sections having a milder climate than that of Wisconsin. Since the conidia 
germinate within twenty-four hours at 4°C., it seems reasonable to sup- 
pose that, unless subjected to extremely low temperatures, they are short 
lived in nature. 

Late in February and early in March small masses of dark colored 
hyphae appear beneath the epidermis in lesions on old leaves and later 
develop into perithecia. The outcome of the perithecia seems to be 
dependent upon weather conditions. In the spring of 1917 they matured 
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about April 1, but in all cases were found to be sterile. Most of these 
sterile perithecia bore a tuft of four to twelve conidiophores on the apex, 
or ostiole. This peculiar manner of fructification is probably due to the 
fact that the sudden change from cold to warm temperature was unfavor- 
able for the production of asci. During the spring of 1918, which was 
somewhat similar to that of 1917, a few perithecia were found to contain 
asci and ascospores. The spring season of 1919 opened rather early and 
was followed by intermittent cool periods which continued well into April. 
Under such weather conditions one would expect the fungus to react 
quite differently than it did the two previous years with different weather 
conditions. At any rate, the old leaves which were taken from the field 
about March 30 bore numerous perithecia containing mature asci and 
ascospores. These fertile perithecia bore no conidiophores at the apex, 
as did the sterile ones the two previous years. Such erratic occurrence 
of ascospores indicates that they play a minor part in the early infection 
of new leaves. On account of the difficulty experienced in obtaining a 
number of ascospores free from segments of hyphae and conidia, no inocu- 
lations were made with them directly. 

Since there is always an abundant supply of newly developed conidia 
by the time the young leaves appear, it is probable that they serve as the 
chief source of primary infection. In infected beds the new leaves come 
into direct contact with the old infected leaves and thus, incidentally, 
are sprinkled with a plentiful supply of viable conidia. Perhaps rain, 
too, aids in distributing the spores. The primary spots begin to appear 
about the middle of April and after about a month, depending upon the 
weather conditions, are producing conidia, which, in turn, serve to continue 
the infection. After the blossoming season the spots become numerous 
on all susceptible species and many of the leaves are thus killed down 
before frost. 


INOCULATION EXPERIMENTS 


The inoculation experiments with the Iris leaf spot organism were 
conducted during the spring seasons of 1917 and 1918. Practically all 
of the experimental work was done in the greenhouse to insure against 
outside infeetion. Rhizomes from which all of the dead infected leaves 
were removed were brought in from the gardens during the winter and 
planted in pots in the greenhouse. These plants grew vigorously and 
apparently normally, and no signs of disease developed on the uninocu- 
lated plants at any time. The experiments were conducted along two 
lines, namely: (1) inoculation of the varieties of Iris which were attacked 
by the fungus outside, and (2) cross inoculation to J. siberica, Narcissus 
varieties Emperor and Pheasant and one unidentified species of Hemero- 
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eallis. After inoculation the plants were kept in a moist chamber for about 
thirty-five hours and then placed in a greenhouse room where the tempera- 
ture was held fairly constant at about 22°C. 

Three methods of inoculation were used, namely: (1) insertion of frag- 
ments of mycelium into the leaf tissue with a sterile needle, (2) sowing 
the conidia in drops of sterile water on marked areas of the leaf surface, 
and (3) spraying the plants with a sterile water suspension of conidia, 


TABLE 2 


Results of the inoculation expe riments with H. gracile 


a ete NUMBER PERIOD 
eee ee oO} Panes UM gio: Rye inoniin gens 
OCULATED INFECTED TION 
days 
I. germanica Mycelium 3 3 2 + 
I. germanica akcale $5145 re ef Oe EE t 4 2 + 
l. variegata var. honorabilis. Mycelium 3 3 2 + 
I. variegata var. honorabilis. Conidia 2 ”. 5 | + 
Hemerocallis sp. Conidia 2 0 _ 
Hemerocallis sp.. Mycelium 2 0 oa 
I. siberiea Conidia t 0 — 
I. siberica hie aoe. Mycelium 3 0 - 
Narcissus var. emperor.........| Myeelium 2 0 - 
Narcissus var. emperor | Conidia 4 ') - 
Narcissus var. pheasant........| Conidia 3 0 | = 
Narcissus var. pheasant........ Mycelium 2 0 _ 
Hemeroeallis sp. Mycelium 3 0 — 
Ll. @OTMANICR.... 6s. 02.052 0+) COMIGIR 3 3 8 + 
FE; (SOFMANTCR.. 0605 ee ces os cs 5 | ONCE 6 6 5 oe 
I. florentina var. albieans.......| Conidia 2 2 5 + 
I. florentina var. albicans....... Conidia (as- 3 3 6 a 
cospore 
strain) 
I. germanica...................| Conidia (as- 2 2 8 + 


cospore 


strain) 


In practically every case all three methods gave positive results when 
susceptible species of Iris were used. Previous to inoculation with conidia, 
the heavy bloom was removed from some of the leaves by lightly rubbing 
them with a piece of clean cheesecloth. Water adhered better to the 
leaves treated in this manner than to untreated leaves and they always 
showed heavier infection. The results of the inoculation experiments are 
given in table 2. 
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The inoculation experiments show that the varieties of German Iris 
are very easily infected, while J. siberica, Narcissus, and Hemerocallis are 
evidently immune. Where mycelium was the source of inoculum, infec- 
tion took place very rapidly with susceptible hosts and after about -six 
days the spots were about 3 inch in diameter and were bearing conidia. 
Infection from conidia occurred in from five to eight days and developed 
very slowly at first, attaining a diameter of from 1 to 3 mm. in thirty days. 
The lesions developed more rapidly on plants which were placed outside 
of the greenhouse as soon as infection took place. 

The failure of attempts to produce infection in Narcissus and Hemero- 
callis suggests the probability of different strains or species of the fungus. 
The varieties of Narcissus used in these experiments are listed by Ritzema 
Bos (14) as being susceptible to the disease with which he worked and 
which he attributed to H. gracile. This organism has also been reported 
by mycologists as occurring upon Hemerocallis both in America and in 
Europe. No strains of the organism were obtained from any other host 
than the species and varieties of German Iris herein mentioned and so 
far as these experiments justify conclusions, it is very likely that cross 
inoculation experiments with the organism from different hosts will show 
the existence of different strains or even of different species. 


CONTROL MEASURES 


The writer has been unable to find any record in literature of successful 
control measures for the Iris leaf spot. Giissow (9) and Cooke (6) each 
recommended the removal of the dead infected leaves but did not show 
any evidence that the method had been suecessfully employed. Rams- 
bottom (13) stated that the limeloving species of Iris were the only ones 
affected with the leaf spot and that they were attacked only when grown 
on soil deficient in this substance. He therefore planned some experi- 
ments based on this theory, but for some reason never reported upon 
execution of them. 

After the development of the fungus had been carefully followed during 
the winter and spring of 1917 at Madison, Wisconsin, it was thought 
advisable to try two methods of control, namely: (1) removal of dead 
leaves prior to the development of young leaves in the spring, and (2) 
protection of plants with a coating of some copper fungicide during their 
early development. 

On March 30, 1917, the dead leaves were removed from two small beds 
of I. germanica and one of I. variegata var. honorabilis. However, by 
this time the leaves of I. germanica were from 1 to 2 inches long and conidia 
were being produced in small numbers on the dead infected leaves. One 
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of the beds of I. germanica was sprayed with 4-4-50 Bordeaux mixture. 
At the same time and subsequently at intervals of two weeks until June 
20, the spray mixture was applied to one small bed of each of the above 
named species from which the leaves had not been removed. No signs 
of infection developed on the plants in any of the three beds from which 
the leaves were removed until late in the summer, and then only a few 
lesions appeared. It is likely that the spores causing this infection came 
from nearby diseased beds. The disease developed somewhat later on 
the sprayed beds from which the leaves were not removed than upon the 
unsprayed controls, but was more abundant and widespread than upon 
the beds from which the leaves had been removed. This indicates that 
primary infection was prevented but that the plants were not continuously 
protected by the spray mixture. On account of the heavy bloom on the 
Iris leaves, it is a difficult problem to get the spray mixture to adhere 
uniformly. Also, as the plants approach the flowering stage it becomes 
very difficult to reach all parts of the leaves with the spray solution. 
Since the conidia are present on the dead leaves until summer, the plants 
would have to be kept continuously covered with the spray in. order to 
insure protection. 

Since the above difficulties had been encountered in 1917, it was decided 
to resort only to the removal of dead leaves as a possible means of control 
in 1918. Immediately after the snow had melted, two beds of J. germanica, 
the dimensions of which were about 8 by 10 feet, received this treatment. 
These plots were located in the horticultural gardens and far enough away 
from other plots to insure against infection from other sources. Previous 
to June 15 no signs of the disease had appeared in either of the treated 
plots, while in the check plots abundant infection was found by the first 
of May. Furthermore, Professor L. R. Jones employed in his private 
garden, which was planted with J. germanica and I. variegata var. honor- 
abilis, the method used in these experiments, with the result that no signs 
of the disease had appeared in either of these beds up to June 15. Prob- 
ably this method will prove effective for controlling the disease in all 
regions where the leaves die down during the winter. Under these climatic 
conditions the dead leaves are easily removed in a practical way by simply 
giving the plants a thorough raking or ‘‘combing”’ with a steel garden 
rake. In the warmer climates where the leaves remain green over winter, 
the method may have to be modified or used in combination with some 
spraying program. 
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SUMMARY 





1. Leaf spot is one of the most widespread diseases of the broad-leaved 
or German group of Iris in the vicinity of Madison, Wisconsin. 
2. The disease is present wherever the susceptible species of Iris are 





grown. In the United States it has been reported as of considerable 
importance in California, Kansas, New York, Ohio, and Wisconsin. 





Cooke reports it as one of the most serious and troublesome diseases of 
Tris in England. 

il 3. The groups of Iris other than the broad-leaved group and also the 
species of Narcissus and Hemerocallis used in the experiments are evi- 








Hy | dently immune from the disease. 
iH 1. The disease is caused by a fungus the conidial stage of which has 
it been known for some time as Heterosporium gracile Sace. The ascigerous 
| stage of the organism has been found at Madison, Wisconsin, and has 
been referred to Didymellina iridis v. H. 

5. The fungus overwinters in the mycelial stage in the dead leaves. 
Perithecia develop early in the spring, but do not always produce asci, 
apparently on account of the weather conditions. Sterile perithecia bear 
i conidia on the apex. 
i 6. An abundant crop of conidia, always present early in the spring, 
| serves as the chief source of primary infection. 
iH 7. The only mode of penetration found during the experimental work 
il at Madison was through the stomata. 
| 8. The removal of dead infected leaves before the young leaves appear 
| in the spring promises to be a successful means of control. 
| 
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THREE WINTER WHEAT VARIETIES RESISTANT TO LEAF 
RUST IN KANSAS! 


Leo E. MELCHERS AND JoHN H. PARKER 
Witnh THREE FIGURES IN THE TEXT 
INTRODUCTION 


Observations on the occurrence of the leaf rust of wheat, Puccinia 
triticina Eriks, have been made at Manhattan and in other parts of Kansas 
with particular reference to the comparative susceptibility of varieties 
during the seasons of 1914-1919, inclusive. These observations have 
shown that in certain localities leaf rust may be present in quantities 
sufficient to cause actual damage (3). 

The leaf rust of wheat as it occurs in Kansas may or may not show the 
same biologic specialization as the leaf rust occurring in other regions. 
There is also, the possibility that more than one biologic form has been 
present in the experimental plots during the six-year period in which the 
data were obtained, though the results with the varieties do not definitely 
indicate it. Some caution, at least, is necessary in presenting and inter- 
preting the effects produced by any cereal rust in any one locality, in view 
of the known existence of several distinct biologic forms of stem rust of 
wheat, as described by Stakman and Piemeisel (6), Melchers and Parker 
(5), and Levine and Stakman (2). 


WINTER WHEAT VARIETIES RESISTANT TO LEAF RUST 


In the investigations conducted at Manhattan, resistance to leaf rust 
has been observed in the same varieties which show a marked degree of 
resistance to one form of stem rust, namely, Puccznia graminis tritici (4). 
These varieties are Kanred, P762 (C. I. 5146) (Kansas No. 2401); P1066 
(C. I. 5879) (Kansas No. 2415); and P1068 (C. I. 5880) (Kansas No. 2414). 
All these varieties belong to the Crimean hard winter wheat group and 
are bearded with glabrous, white, smooth chaff and hard, red kernels. 


1 Codperative investigations between the Kansas Agricultural Experiment Station 
and the Office of Cereal Investigations, Bureau of Plant Industry, United States 
Department of Agriculture. Published with the approval of the Director, as a 
contribution of the Department of Botany and Plant Pathology, Kansas Agricultural 


Experiment Station, paper No. 30. 
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Kanred (1) has been distributed by the experiment station to farmers and 
is probably the best variety of hard winter wheat now available for Kansas 
conditions. The other two varieties seem fully as promising in every 
PABLE 1 
Data howing infection by leaf rust on three varieties of hard, red winter wheat and 
on adjacent rows of other winter wheats, at Manhattan, Kansas, during 
the six years from 1914 to 1919. inclusive 


AVERAGE PERCENTAGE 
MAXIMUM ON ANY 


YEAI VARIFTY 
On resistant On varieties in Vanes 

varieties adjacent rows 
1914 | P762 Kanred 10.0 10 and 65 
1914 P1066 7.0 70 and 50 90 
1914 | P1068..... 7.0 10 and 60 
1915 | P762 IKanred 10.0 10 and 25 
1915) PLO66 a@ 25 and 40 65 
1915 | P1068 2.0 10 and 25 
1916 | P762 Kanred 15.0 25 and 30 
1916 | P1066.... 5.0 30 and 30 70 
1916 | P1068..... 5.0 50 and 30 
1917 | P762 Kanred 10.0 10 
1917 | PIO66..... 5.0 37 and 32 65 
1917 } PlO68........ 3.0 32 and 25 
I9IS*) P762 Nanred 5.5 77 and 79 
1LOIS*, P1066 8.5 S2 and 76 95 
LOIS* PLOGS 9 0 70 and 78 
19197 P762 Kanred 6.7 79 and 73 
1919+ PLO66 6.6 66 and 66 90 
LO19T PIOGS... 2.0 71 and 66 | With very heavy 


infection on the 
sheath and pe- 


duncles 


per cent 
Six-vear average for P762 (Kanred . BS 
Six-vear average for PLO66 6.2 
Six-vear average for P1LO6S 5.7 


The rust percentages for this vear are averages of a larger number of rows pure 
line selections) grown in the rust nursery 

The rust percentages for this vear were taken from three series of variety plots 
it the agronomy farm, in addition to those obtained in the b ytany rust nursery. 


All varieties, with the exception of these three, showed from a trace to very heavy 


infection on the sheaths and peduneles, 
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respect, judging from records on yield, winter survival, and other charac- 
ters obtained in the agronomy nursery. They have not, however, been 
compared in field plots, or in the cooperative experiments with farmers in 
the different sections of the state. 

The observations on leaf rust infection presented in this paper were 
made in the rust nursery maintained by the Department of Botany and 
Plant Pathology, in the agronomy nursery and in commercial fields. 
The figures in table 1 are averages from a large number of plants, taken 
from rows in different parts of the nursery. The estimates of the amount 
of infection were made in accordance with the scale for estimating rust 


SCALE FOR ESTIMATING RUST. 
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Diagram showing six degrees of rustiness, which may be used in estimating 
éne pércentage of rust infection on leaf or stem. The snaded spots represent 
rust, and the figures represent approximately the rust percenteges computed on the 
desis of the maximum erount of surface covered by rust as shown in the 100% figure. 
Thie figure (No. 6 in the diagram) represents S7€ of actual surface and is 
arbitrarily selected as 100%, Other percentages are in terms of No. 6. 

This scale 18 easy of application, A numoer of leaves are gethered 
from the row or plat et random, and a number of plants carefully examined for 
stem rust, these are compared with the diegrams, and the proper figures recorded 
in the note-book. 

The plus or minus sign may be used to indicate a Slightly greater or 


less amount of rust than the nesrest figure. 


Fic. 1. Scaue Usep ror EstTimMatTiInGe Rust PERCENTAGES 


which is used by the Office of Cereal Investigations of the United States 
Department of Agriculture and is shown in figure 1. 

It will be seen that the amount of leaf rust on the three varieties described 
as resistant was consistently less than on other varieties grown in 
adjacent rows and very much less than the maximum amount recorded 
on the most susceptible varieties grown in the nursery. It should be 
added that, during each season, the maximum percentage of leaf rust 
recorded was not confined to one or two varieties, but that there generally 
were a number on which the amount of infection reached this maximum, 
while a still larger number bore leaf rust percentages closely approaching 


the maximum figure. 
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The six-vear average infection on Kanred, P762, is 9.5 per cent; on 
P1066, it is 6.2 per cent; and on P1068, only 5.7 per cent. These averages 
are remarkably low and indicate that the three varieties possess a high 
degree of resistance, even when grown under optimum conditions for 
infection. These conditions may be considered as the final test of the 
resistance or susceptibility of any variety, at least as far as its immediate 
practical value is concerned. 

Figure 2, A and A’, shows the characteristic infection of leaf rust on 
the leaves of a susceptible variety, P706 (Kansas No. 2382), Improved 
Turkey. The uredinia are numerous and entirely normal. The leaves 
from which the illustrations were made were typical of this variety and 
were collected from plants in rows adjacent to P762, P1066, and P1068. 
Figure 2, B and Bb’, shows leaves of the resistant variety Kanred, P762. 
There are few uredinia, but many light yellow or green flecks, indicating 
the presence of rust hyphae, but failure to form uredinia. Figure 3, C 
and C’, shows leaves of another resistant variety, namely, P1066. There 
are few uredinia but many sharp flecks. Figure 3, D, and D’, shows two 
leaves from the third resistant variety, P1068. There are few uredinia, 
but the flecks, characteristic of the resistant varieties, are very distinct. 
The discolored brown areas of leaf tissue are due to the drying of the leaf 
from other causes and should not be confused with the leaf rust. The 
specimens shown in the illustrations were collected in June, 1918, from 
plants grown in the rust nursery, where a uniformly heavy infection of 
leaf rust was present. The varieties were approaching maturity and the 
leaf rust infection had unquestionably attained its maximum development. 

In 1916 leaf rust was very prevalent in many wheat fields in the state 
and the infection was particularly conspicuous because it occurred on the 
peduncles or necks and sheaths of the plants, as well as on the leaf blades. 
A field of P706, Improved Turkey, at the agronomy farm near the college, 
showed an actual reduction in yield which, in the opinion of members of 
the Department of Agronomy, resulted from the heavy attack of leaf rust. 
A field of P762, Kanred, grown on the same farm had only a light infection 
on the leaf blades, recorded as 15 per cent, and no uredinia on the necks. 
The yield of this variety was not appreciably affected. The resistance 
to both leaf and stem rust was one factor which aided the Department of 
Agronomy in deciding to distribute P762, Kanred, instead of P706, Im- 
proved Turkey, known to be susceptible to both rusts. 

Additional evidence on the resistance of P762, Kanred, was obtained 
in the agronomy nursery during the summer of 1918. An experiment on 
the date of planting as related to the habit of growth was located near the 
other nursery plantings and contained the following varieties: Defiance 
Winter (Kansas No. 373), Currell (Kansas No. 2406), Turkey (Kansas 
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Cc ig D D’ 


Fig. 3. C, leaves of the resistent variety P1066 (INansas No. 2415), note, few 
uredina, but many sharp flecks; D, leaves of a third resistant variety, P1068 (Kansas 
No. 2414). Note, few uredinia, but many flecks which are characteristic of the 
resistant varieties. ‘Tbe discolored brown areas of the leaves are not due to leaf 
rust infection. 




















170 PHYTOPATHOLOGY [VoL. 10 


No. 570), Kanred (Kansas No. 2401), Fultz (Kansas No. 2156), and 
Nebraska No. 28 (Kansas No. 34). These were planted on the first of 
ach month and in the order mentioned. The rows of Kanred were located 
between Turkey {Kansas No. 570), a hard wheat, and Fultz (Kansas No. 
2156), a soft wheat. Both of the latter varieties are known to be suscep- 
tible to leaf rust. The plantings which were made on June 1 and July 1 
were making vegetative growth during the ripening of the wheats in the 
regular nursery and after they were harvested. There was an abundance 
of natural infection of leaf rust in the nearby regular nursery plantings, 
and these were scattered and continued to spread on the green plants in 
the date of planting experimental plots. A heavy infection was present 
in these rows throughout the late summer and early fall and the amount 
of leaf rust on the plants of Kanred was not more than 20 per cent, while 
that on the adjacent rows and all the other varieties, varied from 50 to 85 
per cent. There were some uredinia on the leaves of the Kanred plants, 
but flecks were much more numerous. These observations made on late 
plantings materially strengthened the evidence of the resistance of P762, 
Kanred, for a variety sometimes shows resistance when planted at the 
normal time, but fails to maintain this resistance when planted on a later 
date. 

In addition to the observations made at Manhattan, there has been 
evidence from the reports of cooperating farmers that fields of Kanred 
grown in various parts of the state are much less affected by leaf rust than 
are fields of other varieties commonly grown on the same farm. These 
reports were definitely confirmed the past season. In the Kanred seed 
inspection work which was carried out in fields of Kanred wheat which 
were grown in Kansas the past season, a thorough examination was made 
for both leaf and stem rust. A most severe epidemic of leaf rust occurred 
in all parts of the state during the spring of 1919, which afforded the best 
opportunity to see what the behavior of Kanred would be in Kansas 
when grown on a commercial scale. Specimens were gathered from about 
46 counties representing more than 500 fields. Notes were taken on the 
percentages of leaf rust, not only of Kanred, but of all adjoining fields of 
wheat of other varieties. The percentages for Kanred were strikingly 
uniform, ranging between 8 and 10 per cent, while the percentages of leaf 
rust for adjoining fields of other varieties which served as checks, varied 
from 20 to 95 per cent, the majority ranging close to the latter figure. 


The sheaths of Kanred plants were always entirely free of any leaf rust 
sori, while all other varieties showed from slight to heavy infection. It 
has not been possible to obtain as extensive records of P1066 and P1068, 
since these varieties have not been distributed to farmers but the indi- 
cations are that they will be just as resistant as Kanred. 
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Experimental plantings of the three varieties made at certain stations 
in other states have also had a lighter infection of leaf rust than local 
varieties grown under the same conditions. These varieties must be 
grown at these and other stations for a series of years, however, before 
final conclusions as to their resistance in these localities can be reached. 

AGRICULTURAL EXPERIMENT STATION 

MANHATTAN, KANSAS 
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BRIEFER ARTICLES 
THE DISTRIBUTION OF BUCKEYE ROT OF TOMATOES 
J. L. WEIMER 


The buckeye rot of tomato fruit, caused by Phytophthora terrestria, was 
first described by Sherbakoff from Florida in 1917. He had knowledge of 
its existence in southern Florida since 1915, and preserved specimens 
found in the laboratory of the Florida Agricultural Experiment Station 
indicated that it had been prevalent as early as 1911. This disease was 
reported to the Plant Disease Survey from Arkansas and Porto Rico in 
1917 and from Texas and Louisiana in 1918. Bruner states that what he 
supposed to be Phytophthora terrestria was found causing a rot of green 
tomatoes in Cuba in 1918. So far as available records show, this disease 
is present only in tropical or subtropical regions. The purpose of this 
note is to record its occurrence in Alexandria County, Va., on the United 
States Department of Agriculture experimental farm at Arlington, Vir- 
ginia, in 1919. aan 

During the latter part of August several green tomatoes showing the 
typical brown lesions with the concentric rings, as illustrated by Sherba- 
koff, were found. Other specimens were obtained at different times 
throughout the remainder of the season not only in this but also in two 
other patches, each being a considerable distance from the other. In 
the patch where the first specimens were found considerable damage 
resulted to the fruit in contact with or very close to the soil. In no ease, 
however, was the fungus found causing a disease of the stems or leaves. 
Isolations were made and a Phytophthora conforming to the description 
of P. terrestria obtained, and its parasitism proved by inoculations made 
from pure cultures into tomatoes. This organism was also compared with 
an authentic culture of P. terrestria from Florida. 

Buckeye rot of tomatoes, then, is not restricted to the extreme Southern 
States, as previous reports on its occurrence might seem to indicate. 

Bureau oF PLANT INDUSTRY 

WasHInGTon, D. C, 
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VARIETAL SUSCEPTIBILITY TO FALSE BLOSSOM IN CRANBERRIES 
S. B. FRACKER 


On a recent examination of nursery inspection reports, the writer was 
impressed with the marked difference between the varieties of cranberries 
in the amount of ‘‘false blossom” found on the bog. The variation was 
so striking that an analysis of the reports for the past five years was made 
and it is presented herewith. 

The nursery inspection office of the State Department of Agriculture of 
Wisconsin was requested in 1915 to provide for the inspection of cran- 
berry vines and to grant certificates in the same way that other plants 
and plant products for propagation are handled. An accusation that 
certain growers were planning to dispose of vines in which false blossom 
was present was the original cause of this action, and this disease con- 
dition has been the principal cause for refusing to grant inspection certif- 
icates to cranberry growers, although occasionally the presence of insect 
pests has resulted in similar action. 

The so-called ‘‘false blossom” condition has been described by Shear! 
and by Jones and Shear.?. In Wisconsin it is the cause of a serious loss in 
production. The symptoms are the development of what appears to be 
a blossom, followed by a green shoot instead of a berry. The pedicel of 
the flower remains erect instead of bending over, as normal blossoms 
do, and it is said to be distinguished from lack of pollination in this manner. 

No organism responsible for the trouble has been isolated, and there is 
little evidence to show that the condition is an infectious disease. It is 
fairly common in Wisconsin bogs which have been planted to berries of 
the so-called “Berlin” group, although varieties not belonging to this 
group have also developed the same condition. An idea of its prevalence 
may be gained from the fact that it has been necessary to refuse permits 
for the sale of plants from an average of 54 acres per year or about 20 per 
cent of the 252 acres inspected. 

The acreage of the varieties inspected and the per cent of false 
blossom found are shown in the following table. 

Two extremes of susceptibility are apparent. The native Wisconsin 
varieties, Bell and Cherry and Metallic Bell are so uniformly victims of 
this condition that the source of plants of these varieties has become 
greatly reduced. In fact the situation is shown too conservatively in 
the table, for large acreages in which false blossom was found in 1915 


‘Shear, C. L. Cranberry diseases. Bul. 110, Bur. Plant Ind., U.S. D. A. 1907. 
2 Jones, L. R., and Shear, C. L. A report upon false blossom and other cranberry 
maladies. Rept. 27th Anl. Mtg. Wis. Cranb. Gr. Assn. 1914, pp. 13, 14. 
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have been withdrawn from inspection and no plants have since been sold 
from these bogs. Less than half an acre of Metallic Bell a year, 6 per 
cent of the inspected area of this variety, has been licensed for sale. The 
44 per cent of the Bell and Cherry acreage shown represents less than 10 
per cent of the bogs from which Bell and Cherry might be sold were it 
not for false blossom. 

At the other extreme are the more vigorous growers, McFarlin, Searls 
Jumbo, and Prolific, with practically clear records. Bennett Jumbo 
seems to be comparatively resistant while the acreages of Potter’s Favorite, 
Early Ohio, and other varieties examined have been too small to show 
positive results. 

This varietal susceptibility might be considered as due to the different 
cultural conditions under which the different varieties are grown, but this 


Table showing false blossom acreage 
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Searis UUM... si... ccc ccs canteens 79 0 0 18 0 
eS rr 60 34.0 56 17 8 
Bennett JuUMDO.. «0.6.66 ccs ci ee os 50 11.0 2 16 ‘ 
RM RC ARN EEN 9. 6 ecw ¢ Seas Srootemeraand 37 0.2 I 14 1 
RTO. Soba n ow eink suse wine ien 7 0.4 6 16 L 
TESS DV CL 0c aoe ar 7 1.4 20 4 2 
PACIRUIOCUBOIL 5 i5.c50 so aweu Loma’ | 6 5.6 93 14 12 
; | : ‘ rae . e 
Others and muxed:......... .s...660% | 6 1.6 27 16 5 
: — ee es ie 
MOU ON 318 5 ssacerere sore aor aloe a 21 

















appears unlikely owing to the large number of different bogs upon which 
ach variety was observed. It is the opinion of Mr. O. G. Malde, who has 
made all the cranberry inspections for the department, that improper 
cultural conditions from which Bell and Cherry and Metallic Bell suffered 
years ago have resulted in deteriorated stock, but whether false blossom 
could be developed and inherited under such circumstances is questionable. 
Cultural conditions do greatly modify the severity of the attack, for the 
disease is much more common on wet bogs than on the drier type. The 
application of commercial fertilizer and sanding of the bogs have also 
resulted in an improvement even where false blossom was already present. 

Even though the cause may be a physiological one, plants from an 
infected bed continue to develop false blossom after being transferred to 
new locations. The loss usually then becomes greater from year to year 
and total crop failure has sometimes resulted, followed by the abandon- 
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ment of the bogs. Under these circumstances the nursery inspection 
office must adopt the same policy in providing for cases of false blossom 
as if the disease were proven to be of an infectious nature. 

We are recommending to cranberry growers: (1) that they choose resis- 
tant varieties of strong, vigorous growth for new plantings; (2) that they 
take vines for new plantings from beds without a trace of false blossom; 
(3) that they adopt cultural methods which will secure the largest returns 
in healthy bogs, for these are also the best ones for assisting affected plants 
to overcome the false blossom condition. 

STATE DEPARTMENT OF AGRICULTURE 

MapbIson, WISCONSIN 


OBSERVATIONS ON SEED TRANSMISSION OF THE CABBAGE BLACK 
ROT ORGANISM 


J. C. WALKER AND W. B. TISDALE 


Since its presence on cabbage seed after harvest was first demonstrated 
by Harding, Stewart, and Prucha,' the transmission of the cabbage black 
rot organism (Bacterium campestre (Pam.) Smith) in this manner has 
been generally assumed. These investigators further showed that when 
seeds were bathed in a water suspension of the organisms and allowed to 
dry, some of the latter were still viable and pathogenic after eleven months. 
Since conclusive evidence of the organism living over from one season to 
the next on naturally infected seed is either lacking or very meager in the 
literature, observations strengthening this point and also giving evidence 
of the efficacy of seed disinfection are offered in this note. 

The disease appeared in epiphytotic form in a large number of fields 
in the Racine, Wisconsin, district in 1919. When first observed on 
August 14 in a field of Copenhagen Market variety, it was well advanced 
and of such long standing that many plants had been prevented from 
heading. Part of this same field was planted with a late variety which 
came from a different source and these plants were practically free from 
disease. Further survey of this region during the remainder of the 
season showed many ‘fields with general infection, while in numerous 
instances another variety in the same field was entirely healthy. 

Inquiry as to the source of seed in each case revealed the fact that in 
every instance where black rot developed in epiphytotic form the seed 
had been secured from the same local seedsman. This dealer, it was 
learned, had distributed two lots of 1918-grown seed in the spring of 

1 Harding, H. A., Stewart, M.C., and Prucha, M. J. Vitality of the cabbage black 


rot germ on cabbage seed. N. Y. (Geneva) Agr. Exp. Sta. Bul. 251, p. 177-194. 
1904. 
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1919, both of which had been imported during the previous winter. These 
consisted of one lot (1) of Hollander variety, and one lot (2) of Copenhagen 
Market. Every field examined where seed from either of these two lots 
had been used showed more or less black rot. 

A similar condition was found in the vicinity of Appleton, Wis- 
consin, where one dealer distributed a lot of imported seed of the Hol- 
lander variety (lot 3). In the two fields examined where seed from this 
lot had been used, black rot was very prevalent. Moreover in both 
instances plants from another lot of seed which had been used alongside 
the imported strain were practically free from disease except in rows 
immediately adjacent to the latter, where recent spread had occurred. 


TABLE 1 


Summary of field observations on the occurrence of black rot in the Racine, and Apple- 
ton, Wisconsin, districts in 1919 
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* Seed treated before planting with 1:1000 mercuric chloride for thirty minutes. 


In several instances both in the Racine and Appleton sections, plants 
of the infected and the uninfected strains had been grown in the same seed 
bed, thus confirming the assumption that the pathogen had been introduced 
with the seed rather than by way of the soil. A summary of the obser- 
vations in various fields is given in table 1. Spread of the disease from 
infected portions of fields to healthy plants of different origin in adjoin- 
ing areas became very apparent several weeks after transplanting. In 
the case of field 3, for instance, counts were made in an adjacent plot of 
cabbage grown from clean seed. On September 1, eight to nine weeks 
after transplanting, the row next to the plot of infected Hollander showed 
98 per cent of the plants with marginal infections of fairly recent origin; 
the second row showed 67 per cent; the sixth row 66 per cent; and the 
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twelfth row 18 per cent. It is thus clearly evident that the black rot 
organism is readily disseminated in the field by natural agencies. In 
field 3 the disease progressed so rapidly that most of the plants were 
prevented from heading. In other fields where a large percentage of the 
plants headed, the soft rot which followed did considerable damage before 
harvest or caused heavy losses in transit. 

It should be noted that in the three cases where the seed was treated 
before sowing with mercuric chloride, according to directions sent out 
by the Wisconsin Experiment Station, the disease was well controlled. 

UNIVERSITY OF WISCONSIN 

AND 
BuREAU OF PLANT INDUSTRY 
Mapison, WISCONSIN 


RESULTS OF WHITE PINE BLISTER RUST CONTROL IN 1919 
S. B. DETWILER 


Blister rust has made steady progress in the generally infected white 
pine region of New England and New York. Extensive areas of severely 
infected pines exist in most of these States. In a 4l-acre pine lot at 
Littleton, New Hampshire, containing a total of 5442 native white pines 
averaging 6 inches in diameter, breast height, 55.4 per cent of the trees 
were recently found infected with the rust. This infection is entirely 
due to wild Ribes (currants and gooseberries). Wild gooseberries scat- 
tered over the 41-acre plot average 30 bushes per acre, 199 feet of leaf- 
bearing Ribes stems per acre. Strip surveys on compass lines a rod wide, 
totalling 222 miles in length, were run out from this pine lot in five di- 
rections across the surrounding country. Out of 2856 pine trees growing 
on this strip, 25.4 per cent were infected. 

These data indicate that one-fourth of the pines in an area approximately 
9 miles long and 8 miles wide are already infected with the disease. The 
oldest blister rust canker found on pine in this region is estimated to have 
started in 1906. These figures show that pine infection is progressing 
more rapidly than was estimated previously. 

Control of the disease through destruction of currant and gooseberry 
bushes has been tried experimentally since 1916, in coéperation with the 
New England States and New York. The results in 1919 show that such 
control is practical and effective in protecting a given area of pines. On 
four control areas from which currant and gooseberry bushes were removed 
in 1916 and early in 1917, careful scouting this year failed to reveal any 
new pine infections occurring since the Ribes were destroyed. Under 
competent direction, unskilled laborers can be quickly trained to find and 
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destroy over 95 per cent of the wild currant and gooseberry bushes the 
first time they go over the control area. In 1919, accurate checks were 
made on 1070 check plots containing over 750,000 bushes, to determine 
the thoroughness with which Ribes eradication was done. As part of 
their training, the crews made 642 checks, in which a total of 246,254 
bushes, or 96.4 per cent, were uprooted in the first working, 8095 the 
second time over the ground, 905 the third time, 125 the fourth time, and 
10 the fifth time. On 6 areas worked in previous years, totalling 1725 
acres, 152,942 bushes were found in the original working and only 6474 
bushes were found in checking. This is an efficiency rating of 95.9 per 
cent for the first working. Of the bushes found in checking, 4105 (or 
2.6 per cent of the total found) were obviously missed when the areas 
were first worked; and 2369 (or 1.5 per cent of the total found) were sprouts 
and seedlings that had developed after the first working. On an acre 
basis, 89 Ribes bushes were destroyed in the first working, 2 bushes were 
missed, and 1 new plant appeared after the work was done. On 65 plots 
where the number of bushes was counted before and after the crews 
worked the areas, and where the men did not know their work was being 
checked, they found and destroyed 96 per cent of the bushes. Federal 
and state inspectors made numerous other checks which also show that 
the crews destroy in excess of 95 per cent of the bushes in the regular 
course of their work. Some of the check plots were gone over 10 to 15 
times in order to be certain that no plants were missed. 

It was found that on an area where only 87 per cent of the Ribes bushes 
were taken out in the first working, these bushes bore 96.6 per cent of the 
leaves. In this test, the area was gone over:four times, and the leaves 
on 2194 bushes were counted. In the first working, 94,429 leaves were 
destroyed, and in the other three workings, only 3094 leaves were found. 
Measurements of the annual growth of 836 wild gooseberry bushes gave 
an average height growth of 5 inches per year for four years. Other 
counts showed that less than 5 per cent of the wild gooseberry bushes 
produce fruit, even in favorable crop years. Intensive study of Ribes 
seedlings on small plots demonstrate that they summer kill as well as 
winter kill, so that only a very small percentage live through the first 
vear. 

The cost per acre of Ribes eradication is low. The State crews eradi- 
‘ated 4,265,000 Ribes from 241,590 acres in 1919, at an average cost of 
54 cents per acre. In 1918 the average cost was 66 cents per acre on 
areas totalling 135,239 acres. This reduction in cost was secured through 
scientific methods of locating Ribes in regions where they are not generally 
distributed. By this means, the average cost per acre in New Hampshire 
was reduced from 39 cents last year to 21 cents this year. In Rhode 
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Island this method reduced the cost from 27 cents per acre in 1918 to 11 
cents per acre in 1919. The cost per acre in New York was much greater, 
due to an average of 92 wild currant and gooseberry bushes per acre, 
whereas in New Hampshire the average was only 10 bushes per acre. It 
is confidently expected that further experimental work will result in 
greatly reducing the cost without decreasing the efficiency of the work. 
In this connection, three years’ experimental work in spraying Ribes 
with various chemicals indicates that dip oil and fuel oil, alone or in com- 
bination, are effective in destroying Ribes. Where the bushes are very 
numerous, the cost of eradication by chemicals is apparently much less 
than by hand pulling. 

About $10,000 for coéperative Ribes eradication in New York in 1919 
was subscribed by individuals and associations. In New Hampshire, 53 
towns appropriated a total of $8514 for codperative eradication of Ribes, 
and 34 individuals and firms subscribed an additional $2053. In Massa- 
chusetts, local coéperators furnished $1075. The sympathetic attitude 
of the public toward blister rust control is further evidenced by the fact 
that in New Hampshire 21,171 cultivated currant and gooseberry bushes 
were destroyed, and that compensation, as provided by law, was asked 
for by only three owners. 

The necessity for developing local control of the blister rust is apparent 
from the rate of increase of the disease in native pine stands; and the 
demonstrated practicability of Ribes eradication fully justifies pine owners 
in undertaking this work on a large seale. Studies conducted by the 
Office of Forest Pathology, Bureau of Plant Industry, on the distribution 
of sporidia and the distance that infection has actually occurred upon 
pines from known infected Ribes, indicate that the Ribes-free zone should 
be, under average conditions, 200 to 300 yards in width. Tests of the 
longevity of the sporidia showed that they remained viable for a period 
of less than ten minutes where the humidity Was 90 per cent. 

Recommendations relative to control measures are summarized in the 
following extract from the resolutions of the Fifth International Blister 
Rust Conference, held at Albany, New York, on December 8-9, 1919: 


The Fifth International Blister Rust Conference urgently recommends the com- 
plete destruction of all Ribes within a distance of 200 to 300 yards of native and 
planted pines in region’ where blister rust is present or within dangerous proximity. 
Owing to wide variations in the distance that spores spread from Ribes to pine, due 
largely to the nature of the vegetation intervening between the Ribes and pine, and 
to weather conditions, it is impossible to establish a fixed width of Ribes-free zone 
which will be equally applicable to all localities; but it is the opinion of this Confer- 
ence, based upon recent investigations, that a Ribes-free zone of 200 to 300 yards in 
width will be sufficient to insure the commercial growing of white pine under average 
conditions. It is also recommended that white pine should not be planted in the 
locality of large plantations of Ribes, especially cultivated black currants. 
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Scouting was continued in the Middle Western and Southeastern States 
where the white pine is native and planted. The disease was found only 
in single plantations in Michigan and New Jersey. An area of disease 
approximately 150 miles long and 100 miles wide was found to exist in 
Wisconsin and Minnesota. Ata conference held at Saint Paul, Minnesota, 
in October, 1919, to which representatives of the Lake States and Canada 
were invited, the conclusion was reached that the policy in these two 
states should be local control of the disease on the same basis as in New 
England. 

A number of violations of the Federal quarantine against shipment of 
Ribes and white pines into the Pacific Coast and Rocky Mountain States 
were discovered in 1919. These states have been well scouted for four 
years and no blister rust has been found; but unless nursery stock of five- 
needled pines and of Ribes from infected regions is absolutely excluded 
from the far West, it is practically certain that the blister rust will event- 
ually be introduced there. The fact that 65 species of wild Ribes are 
native to western North America and constitute a large proportion of 
the undergrowth in much of the western white pine and sugar pine forests, 
makes it imperative that the blister rust be kept out of this region if 
humanly possible to do so. 

BUREAU OF PLANT INDUSTRY 

WASHINGTON, D. C. 



































LITERATURE ON PLANT DISEASES! 


ComPILED By ALICE C. ATwoop AND FLORENCE P. SmitH, BIBLIOGRAPHICAL 
ASSISTANTS, BUREAU OF PLANT INDUSTRY 


December, 1919 


Brick, Carl. Die Widerstandsfihigkeit gewisser Sorten unserer Kulturpflanzen 
gegen Parasiten. Naturw. Wehnschr. n. F. 18: 391-394. Jy. 13, 1919. 

Brittlebank, Charles C. Diseases of plants new to Victoria. Jour. Dept. Agr. 
Victoria 17: 627-629, illus. O. 1919. 

I. Anthracnose of lettuce. II. Botrytis and Sclerotinia diseases of the pas- 
sion vine. 

Brooks, Charles, Cooley, Jacquelin Smith, and Fisher, Durward Frederick. Nature 
and control of apple-seald. Jour. Agr. Research 18: 211-240. N. 15, 1919. 

Literature cited, p. 240. 

Brooks, Fred Tom, and Bailey,M.A. Silver-leaf disease. III. (Including observa- 
tions upon the injection of trees with antisepties.) Jour. Agr. Sci. 9: 189-215. 
S. 1919. 

References, p. 215. 

Burkholder, Walter H. The dry root-rot of the bean. New York Cornell Agr. Expt. 

Sta. Mem. 26: 999-1033, illus., pl. 56-57. Je. 1919. 
Literature cited, p. 1032-1033. 
Fusarium martii phaseoli n. form. 

Carpenter, Clarence Willard. Preliminary report on root rot in Hawaii (Lahaina 
cane deterioration, pineapple wilt, taro rot, rice root rot, banana root rot). 
Hawaii Agr. Expt. Sta. Press Bul. 54, 8 p., 8 pl. 1919. 

Clinton, George Perkins. Inspection of phaenogamic herbaria for rusts on Ribes sp. 
Connecticut Agr. Expt. Sta. Bul. 214: 423-427. 1919. 

Aecidium grossulariae, Coleosporium ribicola, Cronartium ribicola, Puccinia 
ribis. 

——— and McCormick, Florence Anna. Infection experiments of Pinus strobus 
with Cronartium ribicola. Connecticut Agr. Expt. Sta. Bul. 214: 428-459, pl. 
37-44. 1919. 

Cockayne, A. H. Report of the biologist . . . for the year ended 31st March, 
1919. Ann. Rpt. Dept. Agr. Indus. and Com. N. Zeal. 1918/19: 40-42. 1919. 


1 This list includes references, both American and foreign, to the literature of plant pathology and 
mycology of interest to pathologists. Foreign references published since January 1, 1917, have been in- 
cluded beginning with the list appearing in v. 7, no. 3, June, 1917. 

All authors are urged to cooperate in making the list complete by sending their separates and by making 
corrections and additions, and especially by calling attention to meritorious articles outside of regular 
journals. Reprints or correspondence should be addressed to Miss E. R. Oberly, Librarian, Bureau of 
Plant Industry, U.S. Dept. Agric., Washington, D. C. 











182 PHYTOPATHOLOGY [Vou. 10 


Coerper, Florence M. Bacterial blight of soybean. Jour. Agr. Research 18: 179- 

194, pl. A, 12-18. N. 15, 1919. 
Bacterium glycineum n. sp. 

Darnell-Smith, George Percy. ‘‘Bunchy-top’’ of bananas in the Tweed River dis- 
trict. Agr. Gaz. N. S. Wales 30: 809-814. N. 1919. 

Physiological; root rot due to adverse conditions, drought or flood or drought 
followed by flood. 

——— and Ross, Hugh. A fungus disease of prickly pear. Agr. Gaz. N. S. Wales 
29: 440-441. Je. 1918. 

Fusarium sp. 

Dietel, Paul. Ueber Puccinia obscura Schrét. und einige verwandte Puccinien auf 
Luzula. Ann. Mycol. 17: 48-58. 1919. 

P. luzulina, P. luzulae maximae new species. 

Doidge, Ethel Mary. The bacterial blight of beans: Bacterium phaseoli Erw. Sm. 
So. Afr. Jour. Sci. 15: 503-505. 1919. 

-——— Diseases of stone fruit trees. 2. So. Afr. Fruit Grower 6: 271, 273, illus. 
O. 1919. 

Freckle or scab (Cladosporium carpophilum Thum.) 

Eyre, J. Vargas, Salmon, Ernest Stanley, and Wormald, L.K. The fungicidal prop- 
erties of certain spray-fluids. II. Jour. Agr. Sei. 9: 283-307. 8S. 1919. 

Fischer, Eduard. Publikationen iiber die Biologie der Uredineen im Jahre 1918. 
Ztschr. Bot. 11: 285-295. 1919. 

Literatur-Verzeichnis, p. 293-295. 

Fischer, Wilhelm. Die Brennfleckenkrankheit der Bohnen. Fiihlings Landw. Ztg. 

68: 241-259. Jy. 1919. 
Bibliographical footnotes. 

Hawkins, Lon Adrian, and Harvey, Rodney Beecher. Physiological study of the 
parasitism of Pythium debaryanum Hesse on the potato tuber. Jour. Agr. 
Research 18: 275-298, illus., pl. 35-37. D. 1919. 

Literature cited, p. 295-297. 

Hiltner, Lorenz. Versuche iiber die Ursachen der Blattrollkrankheit der Kartoffel. 
2-3. Prakt. Bl. Pflanzenbau u. Schutz 17: 15-19, 39-48. 1919. 

2. Weitere Beobachtungen iiber die ‘‘Stiirkeschoppung”’ in blattrollkranken 
Kartoffelstauden. : 

3. Ueber die Keimung und Triebkraft von Knollen gesunder und kranker 
Stauden. 

Hodgson, Robert Willard. Little leaf of deciduous fruits. Mo. Bul. State Com. 
Hort. [California] 7: 529-532, illus. 1918. 

Cause unknown. ° 

Jagger, Ivan Claude. Diseases of vegetables. Bul. Dept. Agr. New York 110: 118- 
138, illus. 1918. 

Kress, Otto, Humphrey, Clarence John, and Richards, C. A. Some observations on 
the deterioration of wood and wood pulp. 7 p., illus. O. 1919. 

Reprinted from Paper Industry, O. 1919. 


Krout, Webster S. Diseases of celery. New Jersey Agr. Expt. Sta. Cire. 112, 12 p., ° 


illus. Jy. 1919. 
Caption title: Common diseases of celery. 
Kulisch. Kampf gegen Schiidlinge und Krankheiten der Obstbiume und Beeren- 
obststriucher und etwaige gesetzliche Masnahmen hierfiir. Deut. Obstbauztg. 
65: 210-216. S. 1, 1919. 











' 
i 

















1920] ATWOOD AND SMITH: LITERATURE ON PLANT DISEASES 183 


Laffer, H. E. Diseases of the vine, downy mildew (Plasmopara viticola). Agr. 
Gaz. N. S. Wales 29: 581-584. Ag. 1918. 

Laibach, Friedrich. Zur Kenntnis der Gattung Septoria. Ber. Deut. Bot. Gesell. 
37: 245-249. 1919. 

Laubert, Richard. Neues ither Krankheiten und Beschiidigungen unserer Kul- 
turpflanzen. Gartenflora 68: 154-155. Je. 15, 1919. 

Lee, Horace Newton. Decayed wood and the fungi therein as seen with the micro- 
scope. Trans. Nat. Assoc. Cotton Manfr. Ann. Meeting 1917: 220-226, 6 fig. 

1917. 

Levine, Michael. Studies on plant cancers. I. Bul. Torrey Bot. Club 46: 447-452. 
pl. 17-18. N. 1919. 

I. The mechanism of the formation of the leafy crown gall. 

Murrill, William Alphonso. A polypore parasitic on twigs of Asimina. Mycologia 
11: 319. N. 1919. 

Inonotus amplectens, occurring on A. parviflora, A. pygmaea and A. angusti- 
folia. 

Paravicini, Eugen. Zwei neue Fusarium, Fusarium luteum und Fusarium rubrum 
nebst Untersuchungen iiber die Bedeutung der Anastomosen. Ann. Mycol. 16: 
300-319, pl. 4. 1918. 

Literatur, p. 318-319. 

Rapp, C. W. Aged bean seed, a control for bacterial blight of beans. Science n. s. 
50: 568. D. 19, 1919. 

Roberts, Herbert Fuller. Yellow-berry in hard winter wheat. Jour. Agr. Research 
18: 155-169. N. 1, 1919. 

Root, George A. The present status of the white pine blister rust control in Mon- 
tana, 1918. Bien. Rpt. Montana State Bd. Hort. 10 (1917-18) : 69-75, illus. 1919. 

Scofield, Carl Schurz. Cotton root rot spots. Jour. Agr. Research 18: 305-310. 
D. 15, 1919. 

Spiecker. Gesetzliche Massnahmen im Kampf gegen Schadlinge und Krankheiten 
der Obstbiiume und Beerenstriucher. Deut. Obstbauztg. 65: 216-219. S. 1, 

1919. 

Stakman, Elvin Charles, Hayes, Herbert Kendall, Aamodt, O. S., and Leach, Julian 
Gilbert. Controlling flax wilt by seed selection. Jour. Amer. Soe. Agron. 11: 
291-298, pl. 9. O. 1919. 

Stevens, Frank Lincoln. Foot-rot disease of wheat—historical and bibliographic. 
Bul. Nat. Hist. Illinois 13: 261-286. O. 1919. 

Annotated bibliography, p. 265-286. 

Stewart, Fred Carlton. Notes on New York plant diseases. II. New York State 

Agr. Expt. Sta. Bul. 463: 157-188, 8 pl., 1919. 
Bibliography, p. 187-188. 

Stift, Anton. Bemerkenswerte Mitteilungen iiber das Auftreten von tierischen 
Feinden und Krankheiten der Zuckerriibe im Jahre 1918. B. Krankheiten der 
Zuckerriibe. Bl. Zuckerriibenbau 26: 110-111, 147-148. Je.-Ag. 1919. 

——— Ueber im Jahre 1916 veréffentlichte bemerkenswerte Arbeiten und Mitteil- 
ungen auf dem Gebiete der tierischen und pflanzlichen Feinde der Zuckerriibe. 
Centbl. Bakt. [ete.] II, 49: 257-269. Je. 1919. 

Bibliographical footnotes. 

Swingle, Deane Bret. A practical method of fighting wheat rust. Bien. Rpt. Mon- 

tana State Bd. Hort. 10 (1917-18): 74-79, illus. 1919. 














LS4 Pity TOPATHOLOGY i[VoL. 10 


Sydow, Hans, and Sydow, Paul. Mykologische Mitteilung. Ann. Mycol. 16: 240- 
248, 1918; 17: 33-47, illus. 1919. 
Taubenhaus, Jacob Joseph. Recent studies on Sclerotium rol!fsiiSace. Jour. Agr. 
Research 18: 127-138, illus., pl. 3-6. N. 1, 1919. 
Literature cited, p. 137-138. 
U. S. Department of Agriculture. Federal Horticultural Board. Service and regu- 
latory announcements. 65 (Ag. S. O.): 93-115. D. 12, 1919. 
Bureau of Plant Industry. Plant Disease Survey. Bulletin Sup. 6: 186-215. 
Ag. 1, 1919. 
Sup. 6: Crop losses from plant diseases, L9IS. 
Van der Bijl, Paul Andries. Heart rot of Ptweroxylon utile (sneezewood) caused by 
Fomes rimosus (Berk.). Trans. Roy. Soc. So. Afr. 6: 215-226, pl. 39-44. 1917. 
Observations on a fungus (Cephalosporium sacchari, Butler) which causes a 
red-rot of sugar-cane stems. Sei. Bul. Dept. Agr. Union So, Afr. 11: 8 p., illus. 
Jy. 1919. 
Vogel, IrvinH. Leaf roll and mosaic of potato. Proc. New York State Potato Assoc. 
5: 21-24. 1918. 
Weber, A. Die Absterben unserer Biiume in den Industriegebieten. Mollers Deut. 
Girt.-Ztg. 34: 156-157. Jy. 20, 1919. 
Wober, A. Ueber die chemische Zusammensetzung der Kupferkalkbriihe. Ztsehr. 
Pflanzenkrank. 29: 94-104. 1919 


PuyroraTHoLocy for February, 1920 (10: 73-117, Pls. VI-IX, was 


issued March 11, 1920.] 











